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1.0 INTRODUCTION 

1.1 Purpose 

This document is a screening level evaluation of potential risks to ecological receptors at the Richardson Flat 
Tailings (RFT) Site located near Park City, Utah (Figure 1-1). The purpose o fthe Screening Ecological Risk 
Assessment (SERA) is to identity the potential for adverse effects (risks) to ecological receptors resulting 
from exposure to contaminants released as a result of past mining activities. If potential risks are identified, 
then a more detailed Baseline Ecological Risk Assessment (ERA) may be warranted. The SERA process 
consists of four general steps: Problem Formulation, Exposure Assessment, Effects Assessment, and Risk 
Characterization (Figure 1-2). 

The screening level problem formulation and risk characterization results are used to identify: 1) the need for 
a more detailed assessment; and, 2) the specific types of data needed to complete a more detailed 
assessment. The SERA is not intended to support any final quantitative conclusions about the magnitude of 
potential ecological risks identified in the screening-risk procedure(s). 

1.2 Scope 

This SERA is completed in accordance with current United States Environmental Protection Agency 
(USEPA) guidance forperfomling ecological risk assessments, in general (USEP A, 1998 and US EPA, 1992), 
and specifically, under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA) (USEPA, 1997). The SERA is completed according to the recommended eight-step process 
presented in the Ecological Risk Assessment Guidance for Superfund (ERAGS) (Figure 1-3). Figure 1-3 is 
shaded to show which portions of the ERAGS process are addressed by this document for the RFT Site. 

In accordance with USEP A guidance, this SERA is intentionally simplified and conservative. The 
conservatism allows for elimination of only those contaminants, receptor pathways and environmental media 
that are below a level of concern and for which there is high confidence of no adverse effects (risks). 
However, if the SERA indicates that contaminant concentrations in a particular medium are within a range 
of concern, it is appropriate to conclude that a potential for risk does exist and that a more refmed ecological 
risk evaluation is needed to identify and quantify the actual risk(s). 

1.3 Organization 

The SERA is organized into ten sections. In addition to this introductory section, the SERA contains the 
following chapters or sections: 

Section2 This section provides the site characterization, which includes the site location, description, 
regulatory history, and environmental setting. 
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Section3 

Section4 

Section 5 

Section 6 

Section 7 

Section 8 

Section9 

Section 10 
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This section provides a description of the available analytical data for the RFT Site including 
the nature and extent of contamination present in tailings, soils , surface water, sediments, 
and seeps (groundwater). 

This section provides the screening level problem formulation which includes discussions 
about the site conceptual model (SCM) selection of contaminants of potential concern 
(COPCs), and identification of assessment and measurement endpoints. 

This section presents the screening level ecological exposure assessment for aquatic 
invertebrates, fish, amphibians, terrestrial plants, soil invertebrates, and wildlife receptors. 

This section presents the screening level ecological effects assessment for aquatic 
invertebrates, fish, amphibians, terrestrial plants, soil invertebrates, and wildlife receptors. 
This includes descriptions of toxicity screening benchmarks for aquatic receptors 
(invertebrates, fish and amphibians) for surface water, seeps and sediments and for 
terrestrial plants and soil invertebrates for soils. The ecological effects assessment for 
wildlife identifies toxicity reference values (TRY s) or doses of contaminants by ingestion 
that are associated with no observed adverse effects or a lowest observed adverse effect. 

This section presents the screening level risk characterization for aquatic invertebrates, fish, 
amphibians, terrestrial plants, soil invertebrates, and wildlife receptors. aquatic and terrestrial 
wildlife receptors. 

This section presents and discusses the uncertainties associated with each of the steps of the 
SERA. 

This section discusses the data gaps present in the SERA and provides recommendations for 
the collection of data and analyses for completing a more detailed or baseline ecological risk 
assessment (ERA). The recommendations are based on the fmdings of the SERA. 

This section presents references used in the SERA. 
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2.0 SI1E CHARACTERIZATION 

2.1 Site Location 

The RFT Site is located 1.5 miles northeast ofPark City, Utah occupying about 700 acres in a small valley 
in Summit County, Utah (Figure 1-1). The RFT site is part of the Park City Mining District where silver­
laden ore was mined and milled from the Keetley Ontario Mine as well as other mining operations (RMC, 
200 l a). Tailings were deposited into an impoundment covering 160 acres of the 700 acre property just east 
of Silver Creek. Tailings were deposited to the impoundment from the mill by use of a slurry pipeline from 
1975 through 1981. Mining and milling operations ended in 1982. 

2.2 Site Description 

Tailings were first placed on RFT Site prior to 1950 (RMC, 2000a). Historical aerial photos confirm that 
tailings have been present at the flood plain tailings pile as early as 1953 (USEP A, 1991 ). The mill tailings 
present consist of mostly of sand-sized particles of carbonate rock with some minerals containing silver, lead, 
zinc and other metals. Few specific details are available concerning the configuration and operation of the 
historic tailings pond (prior to 1950) but certain elements are apparent. From time to time, tailings were 
transported to the Site through three distinct low areas on the southeast portion of the Site. Over the course 
of time, tailings materials settled out into the low areas that were ultimately left outside and south of the 

' ) present impoundment area constructed in 1973 to 1974 (RMC, 2001b). 

) 

In 1970, Park City Ventures (PCV), a joint venture partnership between Anaconda Copper Company and 
American Smelting and Refining Company (ASARCO) entered into a lease agreement with United Park to 
use the Site for disposal of additional mill tailings from renewed mining in the area. PCV contracted with 
Dames & Moore to provide construction specifications for reconstruction of the Site for continued use as a 
tailings impoundment (Dames & Moore, 1974). The state of Utah approved the Dames & Moore plan and 
the current impoundment area was constructed in 1974 (RMC, 2000a). Before disposing of tailings on the 
Site, PCV installed a large earthen embankment along the western edge of the existing tailings impoundment 
and constructed perimeter containment dike structures along the southern and eastern borders of the 
impoundment to allow storage of additional tailings. PCV also installed a diversion ditch system along the 
higher slopes north of the impoundment and outside of the containment dike along the east and south 
perimeter of the impoundment to prevent surface runoff from surrounding land from entering the 
impoundment (RMC, 2001 b). Dames & Moore recommended that special engineered seepage control 
devices be installed at the base of the main embankment. PCV did not follow this recommendation (Dames 
& Moore, 1974). 

PCV conveyed tailings to the impoundment by a slurry pipeline from its mill facility located south of the Site. 
Over the course of operation, approximately 420,000 tons of tailings were disposed of at the Site. PCV failed 
to follow recommendations for disposal of the slurry in the impoundment (to place tailings along the perimeter 
of the impoundment and move towards the center) and placed a large volume of tailings near the center of 
the impoundment in a large, high-profile, cone-shaped feature.l}.fter cessation of operations in 1982, the -::::r 
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presence of the cone-shaped feature resulted in prevailing winds form cutting into the tailings and the tailings 

becoming wind-borne (RMC, 200lb)J ~'I Yi c..i ~ 'f ·r'· '.' 

The RFT Site is currently under the ownership of United Park City Mines (UPCM) (RMC, 2000a). UPCM 
is a consolidation of Silver King Coalition Mines Company and Park Utah Consolidated Mines Company, 
formed in 1953 (RMC, 2000a). 

2.2.1 Sources 

There are two known sources of contamination at the RFT Site. These include the tailings impoundment 
previously described and a flood plain tailings pile. The flood plains tailings pile is located immediately west 
of the tailings impoundment and covers about 6 acres along the banks ofSilverCreek (US EPA, 1991 ). This 
source is reported to be located on the western side of Silver Creek about 300 feet upstream of the 
confluence of Silver Creek with the wetland area and extends from there for about 2500 feet upstream. The 
US EPA and the State of Utah have both observed tailings entering Silver Creek from the flood plain tailings 
pile (US EPA, 1991). According to analyses performed in 1985 and 1989, the flood plain tailings pile contains 
arsenic, cadmium, copper, lead, mercury, silver, and zinc (USEP A, 1991 ). 

2.2.2 Site Features 

The Focused Remedial Investigation/Feasibility Study (RI/FS) Workplan prepared by RMC in May 2000, 
provides detailed information on the RFT Site features (Figure 2-1 ). Information pertaining to the main 
embankment and containment dikes, the diversion ditches and off-impoundment tailings is sununarized in the 
following subsections. 

2.2.2.1 Main Embankment and Containment Dikes 

The majority of the tailings at the RFT Site are contained in a closed basin, with a large, earth, embankment 
in place along the western edge of the Site (Figure 2-1 ). The "main embankment" is vegetated and is 
approximately 40 feet wide at the top, 800 feet long, and has a maximum height of25 feet. This embankment 
is designed to allow water to seep from the impoundment to relieve hydraulic pressure on the embankment. 
Currently, surface water is present in the form of a seep located near the north end of the base. A series of 
man-made containment dikes contain the tailings along the southern and eastern perimeter of the 
impoundment. The northern edge of the impoundment is naturally higher than the perimeter dikes (RMC, 
2000a). 

2.2.2.2 Diversion Ditches 

A diversion ditch system borders the north, south, and east sides of the impoundment to prevent runoff from 
the surrounding land from entering the impoundment. Precipitation falling on the impoundment area creates 
a limited volume of seasonal surface water (Figure 2-1 ). The north diversion ditch collects snowmelt and 
storm water runoff from upslope, undisturbed areas north of the impoundment and carries it in an easterly 
direction towards origin of the south diversion ditch. An unnamed ephemeral drainage to the southeast of the 
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impoundment also enters the south diversion ditch at this point. Additional water from spring snowmelt and 
storm water runoff enters the south diversion ditch from other areas lying south of the impoundment at a point 
near the southeast comer of the diversion ditch structure. Water in the south diversion ditch flows from east 
to west and ultimately empties into Silver Creek just upstream of Highway 189 near the north border of the 
Site. Water flow from the south diversion ditch into Silver Creek occurs during the higher water periods of 
the year (RMC, 2000a). 

2.2.2.3 Off-Impoundment Tailings 

Additional tailings materials are present outside and to the south of the current impoundment area. During 
historic operations of the tailings pond, tailings accumulated in three naturally low areas adjacent to the 
property that eventually became the impoundment. In the 1970s, when PCV constructed the perimeter dike 
and diversion ditch along the south perimeter of the impoundment, tailings present in the three low areas were 
left in place, outside of the present impoundment. Starting in 1983, United Park reportedly covered most of 
these tailings outside of the current impoundment with a low permeability, vegetated soil cover. Other types 
of clean fill material, imported from construction work in Park City, were also used to cover the tailings 
outside of the impoundment. The cover in some of these areas is reported to be as thick as 10 to 15 feet 
(RMC, 2000a). However, recent surveys of off-impoundment cover soils indicate that at some locations soil 
cover is absent leaving exposed surface tailings and in other places the soil cover is less than a few inches 
(RMC, 200la). 

2.2.3 Site Activities 

UPCM and others have conducted certain efforts at the RFT Site to support investigation of integrity or 
closure. These activities are briefly described in the following subsections. 

2.2.3.1 Impoundment Integrity Analyses 

Noranda Mining, Inc. (Noranda) leased the RFT Property from UPCM in 1980 (RMC, 2000a). Shortly after 
Noranda entered into the lease agreement, Dames & Moore was contracted to conduct an impoundment 
integrity investigation. Although several construction flaws are noted, including the oversteeping of the main 
embankment along various locations, Dames & Moore concludes that the main embankment and containment 
dikes are in no immediate threat of failure. Dames & Moore once again recommends the installation of 
seepage control systems at the base of the main embankment (RMC, 2000a). Noranda does not follow this 
recommendation. Noranda disposed of70,000 tons of additional tailings material and ceased operations in 
1982. No new tailings have been placed at the Site since that time (RMC, 2000a). 

2.2.3.2 Soil Cover of Tailings 

Starting in 1983, UPCM began placing soil cover on tailings outside of the impoundment, located in three low 
areas south of the south diversion ditch (Figure 2-1 ). By 1985, the tailings impoundment had dried out enough 
in certain areas to support heavy equipment and UPCM began installing soil cover material over those 
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portions. The cover soils are reported to be clay-rich and came from both the Park City area and from within 
the RFT Site (RMC, 2000a). 

Between 1985 and 1988, UPCM also placed soil cover around the cone shaped tailings structure inside the 
impoundment area at locations where it had dried out enough to support heavy equipment. The primary 
objective of placing the soil cover was to prevent prevailing winds from cutting into the cone-shaped tailings 
By 1988, this work was completed and UPCM began a more aggressive program to cover all exposed 
tailings. It is reported that at least 12 inches of low-permeability, clay cover material was placed in the 
impoundment and that the soil cover was then vegetated (RMC, 2000a). More recent inspection of the 
cover soils at the main impoundment and off-impoundment indicate a shallow soil cover in some areas (less 
than 12 inches) and no soil cover in other locations (RMC, 2001 a). 

By 1992\,o il cover work was completed (RMC, 2000a ). Shortly after completion, E&E ( 1993) completed 
a soil depth survey within the impoundment and an inspection ofthe main embankment. X -Ray Fluorescence 
(XRF) was used to confirm the visual contrast between top soil and the tailings below (E&E, 1993). E&E 
( 1993) determined that on average, cover soils varied between less than 6 inches and 14 inches in depth. 
Areas in which cover soils were known to be more than 3 feet in depth were not surveyed. For the 29 
locations studied, one exhibited exposed tailings. As a result, UPCM placed additional soil in this area (RMC, 
2000a). More recent soil cover surveys for the main impoundment, however, indicate that at some locations 
the soil cover is less than 12 inches in depth (RMC, 200la; 200lb). 

2.2.2.3 Wroge Buttress Reinforcement 

In an effort to correct the over-steepened portions of the main embankment, UPCM proposes to design the 
installation of a wedge buttress. The buttress will enhance the long-tenn effectiveness of the final closure 
remedy for the Site. UPCM will evaluate the condition of the main embankment during the RI/FS, and then 
prepare construction design specifications as part of the final remedial design process. Data from the seep 
located at the base of the main embankment may need to be gathered in order to develop an appropriate 
wedge buttress design (RMC, 2000a). 

2.2.2.4 Fencing 

In the mid 1980's, UPCM installed a fence along most of the Site boundary, including the entire impoundment 
and much of the property south of the impoundment. The fence was placed to restrict access to the Site. 
UPCM reports it will maintain the fence in good repair and will continue to control Site access until such time 
limited access is no longer necessary (RMC, 2000a). 

2.2.2.5 Diversion Ditch Reconstruction 

In 1992 and 1993, UPCM reconstructed the south diversion ditch by decreasing the slope of its banks from 
nearly vertical to a more gradual slope. UPCM placed a clay soil cover over there-sloped banks down to 
and including areas of the banks underwater. The existing ditch banks were re-vegetated and the bottom of 
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the ditch was not disturbed during these efforts. In May of 1999, United Park reconstructed the north 
diversion ditch along its entire length in the same manner (RMC, 2000a). 

2.3 Regulatory Historv 

The RFT Site was first proposed for the National Priorities List (NPL) on June 24, 1988. The original Hazard 
Ranking System (HRS) score of 50.23 was based on surface water and air migration pathways (USEPA, 
1991 ). Areas evaluated in the HRS included the impoundment and adjacent areas (USEP A, 1991 ). Based 
on public comments, the site was dropped from consideration for the NPL on February 11, 1991 (USEP A, 
1991 ). The HRS scoring criteria for surface water migration pathways were revised in 1992. The US EPA 
is currently proposing the site for a second NPL consideration under the revised HRS (US EPA, 1991 ). Along 
with the impoundment area and adjacent areas, the new proposal includes the Park City Municipal Landfill 
and the Silver Creek flood plain area (RMC, 2000a). 

2.4 Site Environmental Setting 

2.4.1 Topography and Surrounding Land Use 

The site is located in a rural area whose topography is characterized by a broad valley with undeveloped 
rangeland. Silver Creek is located within a few hundred feet from the main tailings impoundment. This 
perenriial stream drains other historic tailing ponds in the Park City area (Mason, 1989). Silver Creek 
originates in an upper mountain zone where access is limited to recreational users. As Silver Creek passes 
through Park City and in the surrounding suburban areas, the land use is primarily residential and commercial 
changing to recreational and agricultural downstream to its confluence with the WeberRiver(RMC,2001a). 

2.4.2 Geology and Hydrogeology 

2.4.2.1 Geology 

The RFT Site is located in the Wasatch Range Section of the Middle Rocky Mountain Physiographic Province 
in north-central Utah in an area composed of a complex fold and thrust belt that is covered over with igneous 
rock (RMC, 2000a; 2000b ). The sedimentary bedrock, which dates to the Paleozoic and Mesozoic age, is 
covered by a thick layer of extruded igneous rock that dips approximately 25 to 60 degrees to the north and 
strikes northeast-southwest (Bromfield and Crittenden, 1971 ). Tertiary gravels and igneous rocks cover the 
Mesozoic sedimentary rocks (RMC, 2001 a). There are no known faults near the RFT Site. 

Alluvial and colluvial sediments lie 30 to 50 feet deep beneath the tailings on site. These sediments are 
product of the erosion of neighboring and underlying igneous extrusions. Borehole data has shown that these 
sediments consist of: 2-5 feet of soft, organic, and clay rich topsoil; 1-30 feet of mixed fine-grained silt and 
clay; 4 feet of sand and gravel; highly weather, volcanic breccia which is composed of soft, tight, sandy and 
silty clay grading to harder fractured volcanic rock (RM C, 2000b). The unconsolidated valley fill is reported 
to range in thickness from a few feet adjacent to hills and mountains to at least 260 feet, centrally in valleys 
(Mason, 1989) 
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2.4.2.2 Hydrogeology 

In 1999, UPCM contracted Weston Engineering, Inc. (Weston) to conduct a hydogeological survey of the 
site. The hydrogeology in the area consists of shallow alluvial aquifers located in the alluvial and colluvial 
material as well as the deeper Silver Creek Breccia bedrock aquifer located in the Keetley volcanics (RMC, 
2000b). The shallow aquifers are found fifteen to thirty feet below ground surface in gravelly clay. The 
shallow aquifers' hydraulic gradients parallel topography (south to north) except at the southern boundary of 
the tailings embankment where flow changes to the northwest due to diversion ditches. The hydrogeology 
of the Site area has been described in a separate report (Weston, 1999). 

2.4.2.3 Hydrology 

Silver Creek flows approximately 500 feet from the main embankment along the west edge of the Site (RMC, 
2000a). The headwaters of Silver Creek are comprised of three major drainages in the Upper Silver Creek 
Watershed; the Ontario Canyon, the Empire Canyon and Deer Valley. Flows from Ontario and Empire 
Canyons occur in the late spring to early summer months in response to snowmelt and rainfall, while Deer 
Valley flows appear to be perennial and originate from snowmelt and springs (RMC, 2000b ). Surface water 
runoffs for this watershed are lower than that of comparable mountain watersheds which are less fractured 
and may have a more developed layerofunconsolidated materials (Brooks et al., 1998). Overall, runoff and 
precipitation flows from Empire and Ontario Canyons are low compared to the substantially large flow 
contributed by Deer Valley (USEP A, 2001 a). The major influence on water flow in Silver Creek near the 
RFT Site is the Pace-Homer (Dority Springs) Ditch, which derives most of its flow from groundwater 
(USEP A, 200 la). The outflow from the Pace-Homer Ditch enters Silver Creek at several locations across 
the Prospector Square area. Significant riparian zones and wetlands exist near the RFT Site in areas that 
historically consisted of accumulated tailings piles. 

2.4.3 Oimate 

Richardson Flat is located in north-central Utah. The average monthly precipitation is approximately 3.64 
inches with an average annual precipitation of 43.68 inches (www.weather.com- accessed 08/5/0 l ). The 
average monthly temperature ranges from l9°F to 58°F. with an average for the year of 36°F. Elevations 
near the RFT Site range from 6,930 to 9,075 feet above sea level (RMC, 2000b). 

2.4.4 Ecology 

There is very limited information concerning the biological communities present at the RFT Site. Tllis section 
summarizes the information from reports available for review at the time of the SERA. 

2.4.4.1 Aquatic Community 

In accordance with the State of Utah surface water code, the Weber River from the Stoddard diversion to 
its headwaters (including Silver Creek) is classified as a cold water fishery (3A) and is protected for cold 
water species of game fish and other cold water aquatic life, including the necessary aquatic organisms in 
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the food chain. Elevated zinc concentrations, in comparison to the State aquatic life standard for 3A 
designated streams, have consistently been reported in Silver Creek. 

According the public health assessment conducted by A TSDR there are few studies available concerning fish 
in Silver Creek. A sutvey conducted in 1954 found a small number of trout in Silver Creek (ATSDR, 1994) 
but in 1970, fish were not present during electro shocking (ATSDR, 1994 ). More recently, biologists have 
reported cutthroat troat inS ilver Creek, however, information regarding number of individuals or sampling 
locations are not available (E&E, 1991 ). A 1986 investigation produced no fish but pan-sized trout were 
reportedly seen in Silver Creek near the RFT Site in the spring of 1992 (USEPA, 1993c; ATSDR, 1994). 

2.4.4.2 Terrestrial Community 

There was no information located pertaining to the plant and terrestrial wildlife communities (mammals and 
birds) present at the RFT Site. 

2.4.4.3 Threatened or Endangered Species 

Federally listed threatened or endangered wildlife species that are known or are suspected to inhabit Summit 
County include the bald eagle (Haliaeetus leucocephalus ), the Canada lynx (Lynx canadensis) and possibly 
the whooping crane ( Grus americana) and the black-footed ferret (Alustela nigripes) (Utah Division of 
Wildlife website - accessed 08/03/01 ). No threatened or endangered plant species were identified. 

\' 
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3.0 DATA SUMMARY AND EVALUATION 

The SERA is based on the available analytical and physical data from investigations completed within the 
RFT Site area. A summary of the raw data is provided as Appendix A.- These results represent the known 
nature and extent of contamination and are used as the basis of theSE~ r '~ \. I I .1 

df.J \~ s ~{ (}\) \ ., r.. ~ 
3.1 Tailings Data l-tS Q._ ~1:::·,2. \~1 I\~· \ 

So.>-\t~- liJ~~~i.~ J~-~~ 
As previously discussed, contamination at the RFT Site originated from tlJ.e deposit'fm1 Mtailih~s~nd 
outside of an impoundment. In July 1989, one tailings sample from the main impoundment area (stratified 
depths from 1-18 inches) and five tailings samples (0-6 inches) from flood plain areas were collected and data 
were presented in the HRS (USEP A, 1991 ). These samples were analyzed for total arsenic, cadmium, 
copper, lead, mercury, silver and zinc. 

In May 200 1, RMC collected tailings samples from the three locations within the impoundment at 1 foot depth 
intervals (beginning from the bottom of the cover soils to a depth of 5 feet). Figure 3-1 identifies these 
locations as green circles on the impoundment. Samples were analyzed for aluminum, antimony, arsenic, 
cadmium, chromium, copper, iron, lead, mercury, selenium, silver, and zinc. These samples were collected 
to evaluate the long-term fate of metals in tailings and the chemical stability of the tailings (RMC, 200 la). 

Tailings disposal is also present in areas located outside the impoundment (Figure 3-1) but the spatial extent 
of these areas are not well defined. In June 2001, RMC collected tailings samples from locations south of 
the south diversion ditch in an effort to determine the extent of tailings disposal. Tllis study was also 
completed to evaluate soil cover thickness, and if the tailings were contributing to zinc concentrations in the 
south diversion ditch. Samples were analyzed for aluminum, antimony, arsenic, cadnlium, chromium, copper, 
iron, lead, mercury, selenium, silver, and zinc. 

Analytical results for these three data sets are provided in Table 3-1. In order to evaluate the most current 
site conditions, the tailings data collected in July 1989 for the HRS are excluded from the SERA. Data 
included in the SERA are linlited to tailings data collected by RMC through December 2001. 

3.2 Soils Data 

3.2.1 On-Impoundment Soils 

In August 1992, Ecology & Environment, Inc. (E&E), under direction from EPA, investigated the RFT Site 
with respect to immediate threats to human health or the environment. The depth of soil cover was 
determined at 29 locations on the in1poundment (based on an approximate grid pattern of 400 ft by 400 ft). 
At six of these locations, samples were analyzed for Target Analyte List (TAL) metals. These analytical 
results are presented in Table 3-2. Each of the samples, with the exception of sample RF-S0-3, are 
representative of cover soils on the impoundment in 1992. Sample RF-S0-3, was collected in an area of salt 
grass not yet covered by UPCM and is representative of tailings (E&E, 1993). Subsequently, UPCM placed 
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additional soil cover in areas with thin cover (as identified by E&E, 1993) and on other areas to support site 
closure efforts (RMC, 200la). 

Currently, the cone-shaped tailings impoundment is reported to be covered with soil and vegetation with no 
areas of exposed tailings (RMC, 200 la). However, the extent, thickness, and chemical characteristics of the 
cover soils are not well defined. In May 2001, RMC collected 41 cover soils from 6 transects based on a 500 
ft by 500ft grid across the impoundment at a depth of0-2 inches (distinct locations are identified as A through 
I). Figure 3-1 shows the locations at each grid node. Additional depth samples, ranging from 5 to 18 inches, 
were collected at 11 of these locations. All samples were analyzed for arsenic and lead with 20% of the 
samples analyzed for all RCRA metals. The analytical results for on impoundment cover soils are provided 
as Table 3-2. 

In order to evaluate the most current Site conditions, the cover soils data collected by E&E in August 1992 
are excluded from the SERA. The risk evaluation in the SERA is based on data for on-impoundment cover 
soils collected by RMC through December 2001. 

3.2.2 Off-Impoundment Soils 

Historically, prevailing winds from the southeast carried tailings from the impoundment and deposited them 
in the surrounding areas. In an effort to assess the extent and potential environmental impact of these wind­
blown tailings, off-impoundment soil samples were collected from one transect north (T 1) and two transects 
south (T2 and T3) of the RFT Site in May of2001 (Figure 3-2). RMC collected eight distinct samples atT1 
(A through H) and ten distinct samples at T2 and T3 (A through J) at two depth intervals (0-2 inches and 1-6 
inches). All samples were analyzed for arsenic and lead with 20% of the samples analyzed for all RCRA 
metals. Analytical results for these off-impoundment soils are provided as Table 3-3. 

In September 2001, eight surface soil samples (0 to 2 inches in depth) were collected from locations 
surrounding the RFT Site to better determine the study area boundary (Figure 3-3). These samples were 
analyzed for arsenic and lead and the analytical results are provided in Table 3-3. Concentrations of arsenic 
and lead in sample SAB-6 are elevated compared to other results. Based on these results, it is assumed that 
this sample is representative of tailings and it is excluded from inclusion in the off-impoundment soils dataset 
(RMC, 2001 b). The SERA is limited to off-impoundment soils collected by RMC through December 2001. 

3.2.3 Background Soils 

In order to determine the concentrations of metals in areas not affected by wind-blown tailings from the RFT 
Site, RMC collected background samples from areas not impacted by tailings deposition. It is important to 
note that these samples are representative of anthropogenic, non-site related levels, and do not represent 
"pristine" (not influenced by human activity) environmental levels. 

Grab samples were collected at a depth ofO to 2 inches from each of eleven locations (Figure 3-4) and were 
analyzed for arsenic and lead with 20% of the samples (BG8 and BG 1 0) analyzed for all RCRA metals. The 
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results are presented in Table 3-4. The arsenic and lead concentrations in sample BG 11 are more than 30 
times and 100 times greater, respectively, than those observed in other samples. This sampling location was 
later reported to be representative of tailings and is excluded from the background soils data set (personal 
communication, BT AG Mtg, 8/9/01 ). 

3.3 Surface Water Data 

Surface water data were compiled from five sources including E&E ( 1993 ), Utah water quality monitoring 
, USEP A (200 1 a), UPCM surface water monitoring, and RMC monthly sampling . A description of the 
surface water data from each source is provided in the following subsections. 

For the purposes of conducting the SERA, surface water data from Silver Creek are segregated into two 
reaches; upstream and downstream of the RFT Site. To be consistent with the upstream/downstream 
designations used by UPCM, the cut-off point for these reaches is the rail trail bridge located northeast of 
State Highway 40 near the main embankment. In order to evaluate the most current site conditions, surface 
water data for the south diversion ditch are limited to samples collected after ditch reconstruction ( 1993 to 
present). 

Ecology & Environment, Inc. (1993) 

In August 1992, E&E collected surface water samples from Silver Creek and the south diversion ditch. As 
presented in Figure 3-5, six samples were collected along Silver Creek (RF-SW-1 to RF-SW-6) and two 
samples were collected from the southdiversionditch(RF-SW-7 and RF-SW-8). Analytical results for these 
surface water samples are provided as Table 3-5. 

Utah Water Quality Monitoring (STORET) 

Water quality monitoring data for several stations along Silver Creek were obtained electronically from an 
EPA STORET download query (Modernized Version). Data is available from nine locations on Silver 
Creek. Samples are collected and analyzed monthly for water quality parameters such as total hardness, pH, 
and temperature, as well as total recoverable and dissolved metals including arsenic, cadmium, chromium, 
copper, lead, mercury, nickel, selenium, silver, and zinc. Information for each of the Silver Creek stations is 
provided in the following text table. Analytical results are provided in Appendix 4.:., 

Station ID Location Description Latitude Longitude Sampling Dates 

492674 Silver Creek at Farm Crossing in Atkinson 40.742167 -111.474167 12-Jan-68 to 13-Apr-00 

492675 
Silver Creek at Wanship above confluence 

40.813000 -1 11.40 166 7 20-Dec-79 to 17-Jun-99 
with Weber River 

492676 Silver Creek 2 miles north of Atkinson 40.768500 -111.467667 21-Aug-81 to 11-May-89 
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Station ID Location Description Latitude Longitude Sampling Dates 

492677 
Silver Creek at l-80 Crossing at Atkinson 

40.743833 -111.473000 20-Dec-79 to 22-Jan-92 
east of Silver Creek Junction 

492679 
Silver Creek at Waste Water Treatment 

40.735167 -111.474667 04-Jun-87 to 13-Jun-00 
Plant 

492680 Silver Creek above Atkinson 40.735167 -111.475167 17 -Sep-81 to 13-Apr-00 

492685 
Silver Creek at US40 Crossing east of Park 

40.683000 -111.456000 02-May-75 to17-Jun-99 
City 

492694 
Silver Creek at Railroad Crossing below 

40.658000 -111.501833 20-Dec-79 to 28-Nov-83 
Park City above Landfill 

492695 
Silver Creek at City Park above Prospector 

40.654333 -111.501667 06-Aug-97 to 17-Jun-99 
Square 

USEPA (200la) Silver Creek Watershed Sampling 

In 2000, EPA completed an investigation of the Silver Creek watershed to better characterize the sources 
of heavy metals and to evaluate the total maximum daily load (TMDL) (Figure 3-6). A total of3l surface 
water sampling locations are available from the watershed study for Silver Creek and its headwaters in 
Empire Canyon, Ontario Canyon, Deer Valley (Figure 3-7). For the purposes of the SERA only data from 
sampling stations on the lower reaches of Silver Creek (USC-1 through USC-7) below Prospector Square 
are used for the risk evaluation. Surface water samples for USC-4 were collected from the south diversion 
ditch on the RFT Site. Samples were collected in May and September 2000, respectively, to account for high 
(peak spring runoff) and low flow (fall or winter seasons). Some locations were re-sampled in November 
2000 due to problems with mercury analysis. Average concentrations from each sampling location are 
provided in Table 3-6. 

UPCM Monitoring 

Since 1975, UPCM has collected surface water samples from the south diversion ditch(N5), and Silver Creek 
upstream (N4) and downstream (N6) of the confluence with the south diversion ditch (Figure 3-8). Surface 
water samples were collected monthly (usually from April to November) and analyzed tor copper, cyanide, 
lead, mercury, manganese, zinc, total suspended solids (TSS) and total dissolved solids (TDS). The range of 
concentrations measured at each sampling location are provided in Table 3-7. At the time of the SERA. 
surface water data collected prior to April 1982 was not available for review. 

RMC Monthly Sampling (RMC, 200lc) 

Since May 1999, RMC collects monthly surface water from several locations along Silver Creek, the south 
diversion ditch, the unnamed drainages flowing into the south diversion ditch, and ponded areas at the RFT 
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Site. Specific locations are identified in Figure 3-9 and detailed station information is summarized in the 
following text table. Surface water samples were analyzed for total recoverable and dissolved TAL metals 
and water quality parameters. Average concentrations from each sampling location are provided in Table 
3-8. 

Station ID Location Description Sampling Dates 

RF-1 
Unnamed drainage flowing into the 

19-May-99 to 7-May-01 
south diversion ditch 

RF-2 South diversion ditch 19-May-99 to 7-May-01 

RF-3 
Unnamed drainage flowing into the 

19-May-99 only 
south diversion ditch 

RF-3-2 
Unnamed drainage flowing into the 

4-Apr-0 1 to 5-Jun-0 1 
south diversion ditch 

RF-4 South diversion ditch 19-May-99 to 9-Jul-01 

RF-5 South diversion ditch 19-May-99 to 7-Aug-01 

RF-5-4 South diversion ditch* 4-Apr-01 to 7-May-01 

RF-6 South diversion ditch 19-May-99 to 18-Sep-00 

RF-6-2 South diversion ditch 9-Jun-99 to 3-Dec-0 1 

RF-7 
Silver Creek upstream of confluence with 

19-May-99 to 7-Nov-00 
south diversion ditch 

RF-7-2 
Silver Creek upstream of confluence with 

9-Jun-99 to 3-Dec-0 1 
south diversion ditch 

RF-8 
Silver Creek downstream of the 

19-May-99 to 3-Dec-0 1 
confluence with south diversion ditch 

RF-8-2 
Silver Creek downstream of the 

9-Jun-99 only 
confluence with south diversion ditch* 

RF-9 
Ponded water on the tailings 

19-May-99 only 
impoundment 

RF-10 
Unnamed drainage flowing into south 

9-Jun-99 only 
diversion ditch 

*Assumed; actual samplmg locatiOns not provided on map. 
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3.4 Sediment Data 

Sediment data are compiled for the SERA from three separate sources including E&E (1993), USEPA 
(200 1 a) and RMC monthly sampling. A description ofthe sediment data from each source is provided in the 
following text table. 

Use of surface water data for the south diversion ditch in the SERA is limited to samples collected after ditch 
bank modification. This limitation is not, however, placed on the use of sediment data. During reconstruction, /1_f0 

UPCM did not disturb the bottom of the ditch bed (RMC, 2001 a) thus the existing sediments were not/ · 
disturbed and constraining use of the is not necessary. 

As with the surface water data set, Silver Creek sediments are designated as either upstream or downstream 
of the RFT Site using the same cut-offpoint for these reaches at the rail trail bridge located northeast of State 
Highway 40 near the main embankment. 

Ecology & Environment, Inc. (1993) 

In August 1992, E&E collected four sediment samples (RF -SD-0 I to RF-SD-04) from the south diversion 
ditch "wetlands" area located at the base of the main embankment and Silver Creek (Figure 3-5). Water flow 
through this wetlands area is primarily from the south diversion ditch, although some seepage from the 
impoundment area may influence the flow and chemistry (E&E, 1993 ). Analytic~_;7ults for these sediment . . 
samples are provided in Table 3-9. Based on the ratios of chemicals in tailing~c-~mpared to those in the ·' 
wetlands sediments, E&E concluded that the sediments in the wetlands area are tailings material from the 
impoundment (E&E, 1993 ). 

USEPA (200/a) Watershed Sampling 

EPA collected sediment samples from 16 locations in the Silver Creek watershed (Figure 3-7). These 
samples were staggered across the watershed and co-located with specific surface water sampling sites to 
determine the relative level of metals throughout the system and evaluate interactions with surface water 
(USEP A. 200 la). At each location, both a surface and sub-surface (0-12 inches) sample was collected and 
analyzed for heavy metals. Data used in the SERA are lintited to sampling stations on the lower reaches of 
Silver Creek (USC-1, USC-2, USC-5, USC -6, USC -7) below Prospector Square. Analytical results for these 
sediment samples are provided in Table 3-9. 

RMC Monthly Sampling (RMC, 200lc) 

In May 2001, RMC sampled sediments at six locations (RF -SD-1 to RF -SD-6) along the length of the south 
diversion ditch at a depth ofO to 6 inches. Each sediment sample is designated by a blue 'X' in Figure 3-1. 
These samples were collected to evaluate the long-term effectiveness of the wetland system to remove 
metals in the water and to aid in the determination of the source of metals in water flowing from the diversion 
ditch (RMC, 2001 a). Analytical results for the south diversion ditch sediments are provided in Table 3-9. 
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3.5 Seep Data 

Because the main embankment is designed to allow water to seep from the impoundment to relieve hydraulic 
pressure, it is likely that metals leach from tailings into groundwater at the RFT Site. At the RFT Site, a small 
seep (flow of gallons per day) is located at the northern base of the main embankment (RMC, 2000a). 
Currently, no water or sediment data exist for this seep. 

3.6 Groundwater Data \ / r
11 

r &: / ·r 
Since 1973, PCV and UPCM have' collect~ groundwater data quarterly from monitoring wells MW -1, MW- \ . 
2, and MW -3 (RMC, 2000a). After their installation in 1976, PCV also began collecting groundwater from 
wells MW -4, MW -5, MW -6. E&E began collecting additional groundwater data in 1984 from a well (RT -1) 
installed up gradient ofthe main embankment. E&E also sampled the two existing down gradient monitoring 
wells MW -1 and either MW -5 or MW -6 . [It is unclear as to which well, MW -5 or MW -6, was sampled.] 
Well MW-2 was buried during the installation of wells MW-4, MW-5, MW-6 in 1976. The USEPA 
contracted E&E in 1992 to collect ground water samples from three additional locations (RF -GW -04, RF­
GW-05, and RF-GW-09). The location of groundwater monitoring wells is provided on Figure 3-9. 

Because measured seep concentrations are not available, measured concentrations from groundwater 
monitoring wells at the base of the main embankrrient near the seep are used to estimate seep water 
concentrations. Groundwater data is available for several site monitoring wells (MW -0 l, MW -03 through 
MW -06) located at the base of the main embankment. In addition, data from an up gradient monitoring well 
(RT -1) is used to estimate up gradient groundwater concentrations. The range of concentrations measured 
for these monitoring wells are presented in Table 3-l 0. 

3. 7 Biological Tissue Data 

At the time of the SERA, the analyses of contaminant concentrations in biological tissues (aquatic or 
terrestrial) were not available from existing data reports and literature. 

3.8 Summary of Analytical Data 

Table 3-11 provides a summary of the analytical data available for the SERA. This table compares the 
analytical parameters available for the environmental media sampled and analyzed. As previously described, 
there are eight sources of sampling data including: RMC (2000a), EPA (1991 ); E&E (1993); EPA (2001a); 
RMC(2001a); RMC (2001c); UPCM and STORET. These programs do not have one common list of 
analytes for all environmental media. Table 3-11 provides a side-by-side comparison of the parameters 
available for each media type from each source of sampling data. 

SERA for Richardson Flat Tailings 3- 7 Februal)' 2002 



) 

DRAFT 

4.0 SCREENING LEVEL PROBLEM FORMULATION 

Problem formulation is a systematic planning step that identifies the major factors to be considered in the 
SERA (USEPA, 1997). The problem formulation includes an evaluation of the fate and transport of 
contaminants of potential concern from waste sources to the receptors and identification of exposure 
pathways for the receptors. These factors are combined to present a site-conceptual model. Assessment 
endpoints are then defined and measurement endpoints developed that are the basis for the SERA. The site­
conceptual model for the RFT Site was developed based on the ecological site conceptual model presented 
by RMC in the RI Sampling and Analysis Plan ( RM C, 2 00 1 a). The revised ecological site conceptual model 
is described in the following subsections. Additions and changes made in comparison to the original model 
is discussed in Section 4.4. 

4.1 Site Conceptual Model 

Figure 4-1 presents a screening level or preliminary ecological site conceptual model (SCM) which details 
the significant pathways by which site-related contaminants may be transported to other environmental media. 
The SCM also illustrates the exposure pathways by which ecological receptors may reasonably be exposed 
to site-related contaminants. Exposure pathways are classified as follows: 

Pathways not complete- Incomplete exposure pathways (i.e., those that are not known to 
occur) are shown as open boxes and are not evaluated in the SERA. 

Pathways complete but considered insignificant - Exposure pathways considered to be 
complete but are considered to be insignificant compared to other exposure pathways. 
These pathways are shown as boxes with vertical hatched lines and are not evaluated in the 
SERA. 

Pathways complete but risk evaluation in1possible - Exposure pathways are complete, but 
exposure and/or toxicity data are not available to evaluate risks These pathways are shown 
as boxes with diagonal hatched lines and are not evaluated in the SERA. 

Exposure pathways complete - These exposure pathways are considered to be potentially 
complete and are evaluated quantitatively in the SERA. These pathways are shown as dark 
shaded boxes. 

The following sections present a more detailed description of sources, transport and migration pathways and 
exposure pathways for ecological receptors at the RFT Site. 

4.1.1 Source Media 

As presented in Section 3, contamination exists in several environmental media (surface water, sediment, 
seep, and soil) atthe RFT Site. Tllis contamination originated from a tailings impoundment and other tailings 
deposits both inside and outside the main impoundment area (Figure 2-1 ). Currently both the main tailings 
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impoundment and the tailings deposits outside of the impoundment are reported to be covered with a clay soil 
cover cap (RMC, 2001 b). However, recent mapping and sampling data suggest that some of these tailings 
on and off the impoundment are not uniformly covered. As seen in Table 4-1, soil cover depths for the main 
impoundment range from 3 inches to 11 feet (RMC, 2001 b). Based on arsenic and lead concentrations for 
the off-impoundment soil samples collected from 0 to 6 inches (Figure 4-2), the observed soil cover is shallow 
in some areas south of the diversion ditch and absent in other locations. Although these two tailings sources 
(on and off the impoundment) are separated spatially, the release mechanisms and resulting secondary source 
medium and exposure media for ecological receptors are generally the same (Figure 4-1 ). 

4.1.2 Migration Pathways (Release Mechanisms) 

Contamination in a source medium can migrate and cause contamination in other parts of the environment 
by pathways that involve either physical transport from one location to another. These transport processes 
are referred to as release mechanisms. The potential release mechanisms from the source (tailings) to 
secondary source media and exposure media for ecological receptors are depicted in Figure 4-1. These 
include historical and current wind erosion, penetration ofthe soils cap (i.e.: burrowing animals, plant roots), 
mixing of the cover soils with tailings, infiltration of rainwater and snowmelt, runoff associated with rainwater 
and snowmelt, and leaching from soils as a result of infiltration of rainwater and snowmelt. 

4.1.3 Secondary Source Media 

Under dry conditions, particles of either tailings or cover material mixed with tailings can be eroded by wind 
and transported to adjacent areas resulting in suspended soiVdust/tailings, or contamination of surrounding soil 
with tailings or a mixture of soil cover and tailings. 

The contaminants present in tailings and or soil can be transported by water from surface runoff into surface 
water bodies (e.g., streams, wetlands and impoundments). This may result in deposition of contaminants 
absorbed or adsorbed to soil particles as sediments. The dissolved contaminants migrating in runoff water 
or deposited with sediments may be released to surface waters. Dissolved contaminants in soil may also 
leach to groundwater, with subsequent transport to surface water as seeps and further possible transfer to 
surface water or sediments. 

Contaminants in surface water, sediment, soil, or seeps can enter the food chain if organisms and plants take 
up or accumulate contaminants from these media into tissues, which are then consumed by other animals. 

4.1.4 Potentially Exposed Receptors and Exposure Pathways 

Ecological receptors may be potentially exposed to contaminants in any one of seven exposure media at the 
RFT Site (Figure 4-1 ). These exposure media to which ecological receptors may be exposed include 
suspended soil or dust particles, surface soiVtailings, terrestrial prey items (food chain), sediment, aquatic prey 
items (food chain). surface water and seeps. The exposure pathways for ecological receptors to 
contaminants in each of the exposure media are discussed separately in the following subsections. 
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4JA1 Suspended Soil and Dust 

For ecological receptors, exposures to suspended soil and dust can occur via inhalation. Wind erosion of soil 
can result in the suspension of dust and soil particles into the air which could be inhaled by receptors both on 
and off the RFT Site. The exposure pathways that are judged to be potentially complete include: 

Inhalation of soil/tailings by birds and mammals 
Inhalation of soil/tailings by amphibians and reptiles 

Exposure to suspended soil or dust particles via inhalation is a potentially complete pathway but is generally 
considered insignificant for wildlife receptors (mammals and birds) in comparison to ingestion exposures. 
Although airborne soil particulates could be inhaled by wildlife receptor, it is more likely that these respirable 
particles (>5 urn) will be ingested as a result of mucocilliary clearance (Witschi and Last, 1987). These 
exposures are considered to be quantified through the incidental soil ingestion pathway. For amphibians and 
reptiles inhalation and ingestion exposures are possible but there is no data available on the toxicity of either 
inhaled or ingested contaminants to evaluate these pathways. 

4.1.4.2 Surface Soil and Tailings 

For ecological receptors, exposures to surface soil and tailings can occur via two pathways: direct contact 
and incidental ingestion. Direct contact with tailings or soil mixed with tailings could occur in areas where 
the soil cover is thin, where animals burrow through cover soils or where plant roots penetrate the soil cover 
layer. Terrestrial receptors typically will not intentionally ingest large quantities of soil, however, some 
incidental ingestion of soil and tailings along with food items does occur (especially in receptors that feed on 
plants and soil invertebrates). The exposure pathways that are judged to be potentially complete include: 

Direct contact with surface soil/tailings by birds and mammals 
Direct contact with surface soil/tailings by plants and soil invertebrates 
Incidental ingestion of surface soil/tailings by birds and mammals 

Dermal exposure to surface soil/tailings is a potentially complete pathway wildlife receptors (mammals and 
birds) but is generally considered insignificant in comparison to ingestion exposures. For amphibians and 
reptiles, dermal exposures are possible but there is no data available on the toxicity of dermally applied 
contaminants to evaluate this pathway. The pathways that are quantitatively evaluated in the SERA are: 

Incidental ingestion of surface soil/tailings by birds and mammals 
Direct contact with surface soil/tailings by plants and soil invertebrates 

Analytical data are currently available (see Section 3) for tailings, impoundment cover soils, off-impoundment 
soils, and background soils for the RFT Site. 
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4.1.4.3 Terrestrial Food Chain 

Contaminants in soils can enter the terrestrial food chain if organisms (i.e.: soil invertebrates, plants and small 
mammals) take up or accumulate contaminants from soils into tissues, which are then consumed by wildlife 
receptors. The exposure pathways that are judged to be potentially complete include: 

Ingestion of terrestrial food items by birds and mammals 
Ingestion of terrestrial food items by reptiles 

For amphibians and reptiles ingestion exposures to contaminants in the terrestrial food chain are possible but 
there is no data available on the toxicity of ingested contaminants to evaluate this pathway. The pathways 
that are quantitatively evaluated in the SERA are: 

Ingestion of terrestrial food items by birds and mammals 

Because tissue concentrations are not available for terrestrial food items such as plants, terrestrial or soil 
invertebrates, or wildlife species, soil concentrations for the RFT Site are used to estimate concentrations in 
these food items. Use of estimated tissue data rather than measured data is a source of uncertainty in the 
SERA. This uncertainty is discussed in Section 8 and the lack of terrestrial food chain data is further 
discussed as a possible data gap in Section 9. 

) 4.1.4.4 Surface Water 

.J 

Contaminants in surface water may result from the discharge of contaminated groundwater, runoff from the 
surface soils and tailings, disassociation of contaminants from sediments into surface water and the discharge 
of contamination from seeps. The exposure pathways that are judged to be potentially complete for 
contaminants in surface water include: 

Ingestion of surface water by aquatic receptors 
Ingestion of surface water by birds and mammals 
Ingestion of surface water by amphibians and reptiles 

Direct contact with surface water by aquatic receptors 
Direct contact with surface water by birds and mammals 
Direct contact with surface water by amphibians and reptiles 

Exposures to contaminants in surface water by ingestion is potentially complete for amphibians, reptiles and 
aquatic receptors (invertebrates and fish). Data, however, are not available to either estimate toxicity or 
exposures related to the ingestion pathway for these receptors. Exposures for wildlife receptors (birds and 
mammals) to contaminants in surface water by dermal contact is potentially complete, but is generally 
considered insignificant in comparison to ingestion exposures. Exposures to contaminants in surface water 
by dermal contact is potentially complete for reptiles. Data, however, are not available to either estimate 
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toxicity or exposure for this exposure pathway. The remaining pathways for surface water that are 
quantitatively evaluated in the SERA are: 

Ingestion of surface water by birds and mammals 
Direct contact with surface water by amphibians 
Direct contact with surface water by aquatic receptors 

Analytical data are currently available for surface water for the RFT Site (see Section 3). These data are. 
divided into several surface water exposure locations (units). These include the north and south diversion 
ditches, the unnamed drainages that flow into the south diversion ditch, ponded water areas, the wetlands 
area, and Silver Creek. 

4.1.4.5 Sediment 

Contaminants in sediment may result from the discharge of contaminated groundwater, runoff and erosion 
from surface soils and tailings, disassociation of contaminants from surface water into sediments and the 
discharge of contamination from seeps. The exposure pathways that are potentially complete for 
contaminants in sediment include: 

Incidental ingestion of sediment by aquatic receptors 
Incidental ingestion of sediment by birds and mammals 
Incidental ingestion of sediment by amphibians and reptiles 

Direct contact with sediment by benthic invertebrates 
Direct contact with sediment by birds and mammals 
Direct contact with sediment by amphibians 

Exposures to contaminants in sediment by ingestion are potentially complete for amphibians, reptiles and 
aquatic invertebrates. Data, however, are not available to either estimate toxicity or exposures related to the 
ingestion pathway for these receptors. Exposures for wildlife receptors (birds and mammals) to contaminants 
in sediment by dermal contact is potentially complete but is generally considered insignificant in comparison 
to ingestion exposures. Exposures to contaminants in sediment by dermal contact is potentially complete for 
reptiles and amphibians. Data, however, are not available to either estimate toxicity or exposure for this 
exposure pathway. The remaining pathways for surface water that are quantitatively evaluated in the SERA 
are: • 

Incidental ingestion of sediment by birds and mammals 
Direct contact with sediment by benthic invertebrates 

Analytical data are currently available for sediment for the RFT Site (see Section 3). These data are divided 
into several sediment exposure locations that correspond to surface water exposure areas. These include the 
north and south diversion ditches, the unnamed drainages that flow into the south diversion ditch, ponded 
water areas, the wetlands area, and Silver Creek. 
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4.1.4.6 Aquatic Food Chain 

Contaminants in surface water and sediment can enter the aquatic food chain if organisms (i.e.: benthic 
macroinvertebrates, fish, etc.) take up or accumulate contaminants from these media into tissues, which are 
then consumed by aquatic or wildlife receptors. The exposure pathways that are potentially complete include: 

Ingestion of aquatic food items by birds and mammals 
Ingestion of aquatic food items by aquatic receptors 
Ingestion of aquatic food items by amphibians and reptiles 

For amphibians and reptiles ingestion exposures to contaminants in the aquatic food chain are possible but 
there are no data available on the toxicity of ingested contaminants to evaluate this pathway for these 
receptors. It is possible to evaluate ingestion exposures for fish to metals in food and sediment. The 
exposures however are expected to be insignificant compared to direct contact exposures. This exposure 
pathway will, however, be re-evaluated in the baseline risk assessment as more data becomes available on 
specific receptors present at the RFT Site. Risks associated with body burdens of contaminants in aquatic 
organisms (fish) will also be evaluated in the baseline risk assessment if fish tissue residue data becomes 
available. The pathways that are quantitatively evaluated in the SERA for the aquatic food chain are: 

Ingestion of aquatic food items by birds and mammals 

Because tissue concentrations are not available for aquatic food items such as benthic macroivertebrates or 
fish, sediment concentrations for the RFT Site are used to estimate concentrations in these food items as 
appropriate. Use of estimated tissue data rather than measured data is a source of uncertainty in the 
screening assessment; this uncertainty is discussed in Section 8. The lack of aquatic food chain data is further 
discussed in the data gaps analysis as Section 9. 

4.1.4. 7 Seeps 

To alleviate water pressure at the impoundment, the containment system is constructed to allow water to seep 
from the impoundment resulting in a seep area located at the toe of the main embankment. Although the 
flow from the seep is intermittent and low and does not reach Silver Creek via overland flow, it does impact 
the water chemistry in the wetlands area and it is still a potential exposure location for both aquatic and 
terrestrial receptors. The exposure pathways to seeps that are potentially complete include: 

Ingestion of seep water by aquatic receptors 
Ingestion of seep water by birds and mammals 
Ingestion of seep water by amphibians and reptiles 

Direct contact with seep water by aquatic receptors 
Direct contact with seep water by birds and mammals 
Direct contact with seep water by amphibians 
Direct contact with seep water by plants 
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Exposures to contaminants in seep water by ingestion is potentially complete for amphibians, reptiles and 
aquatic receptors (invertebrates and fish). Data, however, are not available to either estimate toxicity or 
exposures related to the ingestion pathway for these receptors. Exposures for wildlife receptors (birds and 
mammals) to contaminants in seep water by dermal contact is potentially complete, but is generally considered 
insignificant in comparison to ingestion exposures. Exposures to contaminants in seep water by dermal 
contact is potentially complete for reptiles. Data, however, are not available to either estimate toxicity or 
exposure for this exposure pathway. The remaining pathways for surface water that are quantitatively 
evaluated in the SERA are: 

Ingestion of seep water by birds and mammals 
Direct contact with seep water by amphibians 
Direct contact with seep water by aquatic receptors 
Direct contact with seep water by plants 

Analytical data from the seep near the main embankment is not currently available. However, it is assumed 
that seep concentrations are similar to groundwater concentrations measured in wells at the base of the main 
embankment near the seep. 

4.1.5 Changes to Previously Presented Model 

The ecological site conceptual model presented as Figure 4-1 is based on site conceptual models presented 
in the Remedial Investigation SAP (RMC, 200 l a - Figures 8a and 8b) with the following additions and 
changes: 

Separate models were previously presented for on-impoundment and off-impoundment 
areas. As the exposure pathways and receptors are similar on-impoundment versus off­
impoundment these two models were collapsed into one. 

Separate models were previously presented for "upland" versus "wetland" areas. These two 
areas are still considered in the current model but are not specifically mentioned. It was 
necessary to elucidate exposure pathways for terrestrial wildlife to both soils in wetland and 
upland areas as well as surface water and sediments of wetland and stream habitats. 

Potential exposures to receptors to groundwater discharged as seep water and discharged 
to surface water was added to the ecological site conceptual model. 

The previous models differentiated "potentially significant" pathways from "potential" 
pathways. The current model identifies both as "potential" pathways. Those "potential" 
pathways that can be quantified are evaluated in the SERA. 
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4.2 Selection of Contaminants of Potential Concern 

Contaminants of Potential Concern (COPCs) are contaminants which exist in the environment at 
concentrations that might be of potential concern to ecological receptors, and which are derived, at least in 
part, from site-related sources. Exposure pathways and media of concern for ecological receptors are 
identified and presented in the SCM (Figure 4-1 ). These exposure pathways and media of concern provide 
the assumptions for evaluating the appropriate media and receptors in the SERA. The purpose of the COPC 
selection procedure is to eliminate contaminants that are clearly not of potential ecological concern, and to 
carry forward those contaminants that might be of concern. The principal steps in eliminating or retaining 
a contaminant as an ecological COPC are described in Section 4.2.1 and are depicted in Figure 4-3. The 
results of the screening process are described in Section 4.2.2. 

4.2.1 Screening Steps 

4.2.1.1 Eliminate Contaminants Never Detected 

In accord with USEP A ( 1989), a contaminant is a candidate for elimination from the quantitative risk 
assessment if it is detected infrequently or ifthere is no reason to believe that the contaminant may be present 
(i.e., when a contaminant is not site-related). Using this logic, a contaminant never detected in a media is 
eliminated from the quantitative risk assessment. 

For contaminants that have never been detected, it is important to evaluate the adequacy of the detection 
limits for the available data. If the maximum detection limit for a contaminant is above available toxicity 
benchmarks, it should be evaluated qualitatively and identified as a source ofuncertain~~~med that 
these contaminants would only have a negligible effect on risk levels and would not likely result in a significant 
underestimate of risk. ' 

4.2.1.2 Retain Contaminants Detected that are Bioaccumulative 

Contaminants considered to be bioaccumulative are retained as COPCs if they are detected regardless of 
frequency of detection. Bioaccumulative contaminants of concern (BCCs) are defined as part of the Great 
Lakes Water Quality Guidance (GL WQG) wildlife Tier I criteria. There are 22 listed BCCs, of which one 
contaminant --mercury-- is detected at the RFT Site. Therefore, mercury is retained as a COPC. There are 
no other detected contaminants that are defined as bioaccumulative. 

4.2.1.3 Eliminate Contaminants Detected Infrequently 

In accord with USEP A ( 1989), a contaminant is a candidate for elimination from the quantitative risk 
assessment if it is detected infrequently. If a contaminant is detected infrequently (detection frequency is less 
than five percent), the contaminant is considered to be of little concern, but is evaluated qualitatively and 
identified as a source of uncertainty. 

.I I 
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4.2.1.4 Eliminate Contaminants that are Considered to be Physiological Electrolytes 

Several of the analytes measured in environmental media are considered to be essential physiological 
electrolytes for birds, mammals, plants and/or soil invertebrates. These analytes are eliminated as COPCs 
and include calcium, iron, magnesium, potassium, and sodium. Physiological electrolytes are not carried 
forward in the SERA. 

4.2.1.5 Eliminate Contaminants Detected at Concentrations less than Background 

This step involves comparing site contaminant concentrations to reference or background concentrations. 
Background for the purposes of the SERA are upgradient (upstream) concentrations of metals; those 
concentrations that do not represent contamination from the site. It is important to note that these samples 
are representative of anthropogenic, non-site related levels, they do not represent "pristine" (not influenced 
by human activity) environmental levels. In instances where the number of samples (N) is less than five, the 
reference data set is considered to be too small and a reference comparison is not made. 

For the RFT Site, soil background samples were collected from eleven areas surrounding the site identified 
as not affected by wind-blown tailings. However, most (9 of 11) samples were only analyzed for arsenic and 
lead, and only two samples were analyzed for all RCRA metals. In addition, although sampling locations were 
selected from areas thought not to be affected by tailings, sampling location BG 11 was later found to have 
been inadvertently placed near tailings. Because ofthe limited number of samples, limited number of analytes 
and the uncertainty in the representativeness of the data as "background", the background comparison 
screening step is not included as part of the COPC screening process for the SERA. 

4.2.1.6 Eliminate Contaminants with Maximum Concentrations less than an Established Level of Concern 

This step involves comparing the maximum detected contaminant concentration in an exposure medium to 
an appropriate ecologically-based screening level. If the maximum detected value is less than the screening 
level, the contaminant does not pose a potential risk and is eliminated as a COP C. If no ecologically-based 
screening level is available, the constituent is retained as a COPC. Separate screening processes are 
completed for aquatic and terrestrial receptors, resulting in two separate lists of COPCs. 

COPC Selection Process for Aquatic Receptors. Surface water screening benchmarks for aquatic 
receptors are based on chronic ambient water quality criteria (A WQC) for both dissolved and total 
recoverable metals. A WQC values are derived from data for a wide range of aquatic species, and are 
intended to protect at least 95% of aquatic receptor (benthic invertebrate, plant, and fish) species from 
unacceptable adverse effects. Sediment screening benchmarks for benthic invertebrates are identified from 
Ingersoll et al. ( 1996) and Long and Morgan ( 1991 ). Screening benchmarks for surface water and sediment 
are listed in Table 4-2. 

COPC Selection Process for Terrestrial Wildlife. Terrestrial wildlife screening benchmarks were identified 
from Sample et al. ( 1996), Pedigo et al. ( 1988), and Skorupa ( 1998). These benchmarks represent 
contaminant concentrations in drinking water and diet that are not expected to be associated with adverse 
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effects to wildlife species. The screening benchmarks derived by Sample eta!. ( 1996) are presented for 20 
wildlife species. The lowest benchmark concentrations were selected for use in the screening process. 
Drinking water benchmarks were used to screen surface water data, while the dietary benchmarks were used 
to screen sediment and soil data. The use of the dietary benchmarks for sediment and soil screening is 
conservative, as the rate of incidental ingestion by wildlife is expected to be much lower than that for the diet. 
These screening benchmarks are summarized in Table 4-3. 

4.2.2 Application of COPC Selection Methodology 

4.2.2.1 Surface Water 

The available surface water data are discussed in Section 3. The surface water data set includes samples 
from the south diversion ditch, the unnamed drainages that flow into the south diversion ditch, ponded water 
areas, and Silver Creek (Figure 2-1 ). Tables 4-4 and 4-5 surnn1arize the COPC selection for surface water 
at the RFT Site for aquatic and terrestrial receptors, respectively. As seen, the left side of each table lists 
for each of the analytes: the number of detections, the number of samples, the detection frequency, and the 
mean and maximum concentrations for non-detects and detects. 

COPCs (or Aquatic Receptors. The results of the surface water COPC selection process for aquatic 
receptors are summarized in Table 4-4 for dissolved and total recoverable metals. Seventeen contaminants 
are identified as COPCs in surface water for aquatic receptors including aluminum, antimony, arsenic, barium, 
beryllium, boron, cadmium, chromium, cobalt, copper, cyanide, lead, manganese, mercury, selenium, silver and 
zinc. Potential risks for aquatic receptors associated with these COPCs are evaluated further in the risk 
characterization sections of this SERA. 

COPCs [or Terrestrial Receptors. Table 4-5 provides the results of the surface water COPC selection 
process for terrestrial receptors. Six contaminants are identified as COPCs in surface water for terrestrial 
wildlife receptors: arsenic, lead, mercury, selenium, silver and zinc. Potential risks for this COPC are 
evaluated further in the risk characterization sections of this SERA. 

4.2.2.2 Sediment 

The available sediment data are discussed in Section 3. The sediment data set includes samples from the 
south diversion ditch, the wetland area, and Silver Creek (Figure 2-1 ). Tables 4-6 and 4-7 summarize the 
COPC selection for sediments at the RFT Site for aquatic and terrestrial receptors, respectively. As seen, 
the left side of each table lists for each of the analytes: the number of detections, the number of samples, the 
detection frequency, and the mean and maximum concentrations for non-detects and detects. 

COPCs [or Benthic Invertebrates. The results of the sediment COPC selection process for benthic 
invertebrates are summarized in Table 4-6. Eighteen contaminants are identified as COPCs in sediment for 
aquatic receptors, including aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, 
copper, lead, manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. Potential risks for 
these COPCs are evaluated further in the risk characterization sections of this SERA. 
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COPCs (Or Terrestrial Receptors. Table 4-7 provides the results of the sediment COPC screen for 
terrestrial receptors. Seventeen contaminants are identified as COPCs in sediment for terrestrial wildlife 
receptors, including aluminum, antimony, arsenic, barium, cadmium, chromium, cobalt, copper, lead, 
manganese, mercury, nickel, selenium, silver, thallium, vanadium, and zinc. Potential risks fortheseCOPCs 
are evaluated further in the risk characterization sections of this SERA. 

4.2.2.3 Soils and Tailings 

The available data sets for tailings and soils are discussed in Section 3. Site tailings, cover soils (both on and 
off the impoundment), and the background soils were combined into one data set for the purposes of the 
COPC screen. Table 4-8 summarizes the COPC selection for soils and tailings at the RFT Site for terrestrial 
receptors. As seen, the left side of the table lists for each of the analytes: the number of detections, the 
number of samples, the detection frequency, and the mean and maximum concentrations for non-detects and 
detects. 

COPCs (or Terrestrial Receptors. Table 4-8 provides the results of the soils and tailings COPC screen for 
terrestrial receptors. Twelve contaminants are identified as COPCs in soils and tailings for terrestrial wildlife 
receptors, including aluminum, antimony, arsenic, barium, cadmium, chromium, copper, lead, mercury, 
selenium, silver, and zinc. Potential risks for these COPCs are evaluated further in the risk characterization 
sections of this SERA. 

) 4.2.3 Summary 

) 

The exposure pathways selected for quantitative evaluation in the SERA including the following: 

Aquatic Receptors 

Direct contact with surface water and seep water for fish and benthic invertebrates 
Direct contact with sediments by benthic invertebrates 

Amphibians 

Direct contact with surface water and seep water 

Birds & Mammals 

Ingestion of surface water and seep water 
Ingestion of terrestrial and aquatic food items 
Incidental ingestion of sediment and soil and/or tailings 

Terrestrial Plants & Soil Fauna 

Direct contact with soil and/or tailings 
Direct contact with seep water 
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The COPCs selected for each of these exposure pathways and media of concern based on the SCM (Figure 
4-1) are summarized in the following text table: 

Summary of COPCs Selected for Evaluation in the SERA 

Surface Water Sediment 
Soil & 

Tailings 
Analyte 

Aquatic Terrestrial Aquatic Terrestrial Terrestrial 
Receptors Receptors Receptors Receptors Receptors 

Aluminum X X X X 
Antimony X X X X 
Arsenic X X X X X 
Barium X X X X 

Beryllium X X 

Boron X 

Cadmium X X X X 
Chromium X X X X 

Cobalt X X X 

Copper X X X X 

Cyanide X 

Lead X X X X X 

Manganese X X X 

Mercury X X X X X 

Nickel X X 

Selenium X X X X X 
Silver X X X X X 

Thallium X X 

Vanadium X X 

Zinc X X X X X 

Total COPCs 17 6 18 17 12 

4.3 Identification of Assessment and Measurement Endpoints 

4.3.1 Identified Goals for the Screening Ecological Risk Assessment 

The overall management goal for ecological health at the RFT Site is stated as the following: 

Ensure adequate protection of ecological SJ'Stems within the impacted areas of the Richardson 
Flat Tailings Site by protecting them from the deleterious effects of acute and chronic 
exposures to site-related contaminants of concern. 

In order to provide specificity regarding this general goal and identify specific measurable ecological values 
to be protected, the following list of sub-goals was derived: 
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Ensure adequate protection of terrestrial soil fauna and plant communities, including native plant 
communities, by protecting them from the deleterious effects of acute and chronic exposures to site­
related contaminants of concern. 

Ensure adequate protection of aquatic and amphibian life in Silver Creek, the site diversion ditches 
and wetlands areas from the deleterious effects of acute and chronic exposures to site-related 
contaminants of concern. 

Ensure adequate protection of terrestrial mammal and bird populations by protecting them from the 
deleterious effects of acute and chronic exposures to site-related contaminants of concern. 

Ensure adequate protection of threatened and endangered species (including candidate species) and 
species of special concern and their habitat by protecting them from the deleterious effects of acute 
and chronic exposures to site-related contaminants of concern. 

(Note: "Adequate" protection is generally defined as protective of growth, reproduction, and 
survival of local populations.) 

4.3.2 Identification of Assessment and Measurement Endpoints 

Assessment endpoints are explicit statements of the characteristics of the ecological system that are to be 
protected. Assessment endpoints are either measured directly or are evaluated through indirect measures. 
Measurement endpoints represent quantifiable ecological characteristics that can be measured, interpreted, 
and related to the valued ecological components chosen as the assessment endpoints (USEP A, 1992; 1997). 

The following assessment and measurement endpoints are used to interpret potential ecological risks for the 
RFT Site for the SERA. In some cases, more than one measurement endpoint is identified for a particular 
assessment endpoint. These instances permit a weight-of-evidence approach to be used in risk 
characterization. In other cases, a measurement endpoint may be relevant to more than one assessment 
endpoint. 

Assessment Endpoint Measurement Endpoint 

Protection of terrestrial plants and soil fauna from adv<;!rse Comparison of COPC concentrations in soil to 
effects related to exposure to COPCs in surface soil. terrestrial toxicity benchmarks. 

Protection of benthic invertebrates, fish and amphibians Comparison of sampling location-specific COPC 
from adverse effects related to exposure to COPCs in surface concentrations in surface water and sediment to 
water and sediment. aquatic toxicity benchmarks. 

Protection of terrestrial wildlife from adverse effects to Comparison of the predicted average daily doses of 
growth, reproduction or survival related to exposure to COPCs from surface water, sediment, and food to 
COPCs in surface water, sediment, soil, and food items. toxicity reference values. 
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5.0 SCREENING LEVEL EXPOSURE ASSESSMENT 

5.1 Aquatic Receptors 

5.1.1 Surface Water 

Aquatic receptors (benthic invertebrates, plants, fish and amphibians) are potentially exposed to COPCs in 
surface water via direct contact. The exposure point concentration (EPC) for aquatic receptors to COPCs 
in surface water is either the 95th upper confidence limit (95UCL) ofthe mean or the maximum concentration, 
whichever is lower. For some locations, limited samples are available; at these locations the EPC is usually 
equal to the maximum measured concentration. COPCs that are non-detects (U qualified; below the 
detection limit) are evaluated at one-half the reported detection limit in the calculation of the EPC. For the 
purposes of the SERA, direct contact exposures with surface water are evaluated on a sampling location­
specific basis. The location specific EPCs for each COPC by sampling location are listed in Table 5-1. 
These EPCs are compared to toxicity benchmarks identified in Section 6.1.1 for benthic invertebrates and 
fish and Section 6.2 for amphibians to identify potential risks for each, respectively in Section 7.1.1 and 7.2.1. 

5.1.2 Sediment 

Benthic invertebrates are potentially exposed to COPCs in sediment via direct contact. The EPC for benthic 
invertebrates to COPCs in sediments is either the 95th upper confidence limit (95UCL) of the mean or the 
maximum concentration, whichever is lower. For some locations, only one or a limited number of samples 
are available; therefore the EPC is usually equal to the maximum measured concentration. COPCs that are 
non-detects (U qualified; below the detection limit) are evaluated at one-half the reported detection limit in 
the calculation of the EPC. For the purposes of the SERA, direct contact exposures with sediment are 
evaluated on a sampling location-specific basis. The location specific EPCs for sediment for each COPC by 
sampling location are listed in Table 5-2. These EPCs are compared to toxicity benchmarks identified in 
Section 6.1.2 to identify potential risks for aquatic receptors in Section 7.1.1.2. 

5.1.3 Seeps 

Benthic invertebrates and amphibians are potentially exposed to COPCs in seep water via direct contact. The 
EPC for benthic invertebrates and amphibians to COPCs in seep water is either the 95th upper confidence 
limit (9 5UCL) of the mean or the maximum concentration, whichever is lower. COPCs that are non-detects 
(U qualified; below the detection limit) are evaluated at one-halfthe reported detection limit in the calculation 
of the EPC. For the purposes of the SERA, direct contact exposures with seep water are evaluated for each 
monitoring well (groundwater data used to estimate seep concentrations). The EPCs for each COPC by 
monitoring well are listed in Table 5-3. These EPCs are compared to toxicity benchmarks identified in Section 
6.1.1 for benthic invertebrates and fish and Section 6.2 for amphibians to identify potential risks for each, 
respectively in Section 7 .1.3 and 7 .2.2 . 
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5.2 Terrestrial Plants and Soil Fauna 

5.2.1 Soils 
Terrestrial plants and soil invertebrates are potentially exposed to COPCs in soils via direct contact. 
Exposures for these receptors are evaluated on a sampling location-specific basis. The EPC for plants and 
soil invertebrates is equal to the average concentration across all depths at each sampling location for each 
COPC. The EPCs are listed for each soil sampling location in Appendix F. The EPC for each COPC for 
each sampling location is compared to toxicity benchmarks for terrestrial plants and soil invertebrates 
presented in Sections 6.3 and 6.4, respectively, to identify potential risks for these receptors from direct 
contact with COPCs in soil in Sections 7.3 and 7 .4. 

5.2.2 Seeps 

Terrestrial plants are potentially exposed to COPCs in seeps via direct contact. Exposures are evaluated for 
each monitoring well used to estimate seep water concentrations. The EPC for each COPC in seep water 
(groundwater) is equal to the 95111 upper confidence limit (95UCL) of the mean or the maximum concentration, 
whichever is lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at 
one-halfthe reported detection limit in the calculation of the EPC. The EPCs are listed for each groundwater 
well in Table 5-3. The EPC for each COPC for each sampling location is compared to aqueous toxicity 
benchmarks for terrestrial plants in Sections 6.3.2 to identify potential risks for plants exposed to COPCs in 
seep water in 7.3.2. 

5.3 Wildlife 

Wildlife species may be exposed to COPCs by ingestion of surface water, seep water, sediments, soils and 
food items that have taken up contaminants into their tissues. Exposures for wildlife receptors to each 
environmental medium of concern are assessed for five exposure areas at the RFT Site (Figure 2-1) including: 

• Upstream Silver Creek, 
Downstream Silver Creek, 
The south diversion ditch, 
Ponded water areas on the impoundment, and 
Unnamed drainages which flow into the south diversion ditch. 

The following subsections describe how wildlife species are selected for evaluation and how COPC exposure 
doses are estimated for wildlife for each exposure medium for each exposure area. 

5.3.1 Identification of Representative Wildlife Species 

It is not feasible to evaluate exposures and risks for each avian and mammalian species potentially present 
within the study area. For this reason, specific wildlife species are identified as representative wildlife species 
for the purpose of estimating quantitative exposures (doses) in the SERA. The representative species are 
wildlife species that are potentially present within the Site area and are representative of other species with 
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similar dietary preferences and feeding guilds. Selection criteria for representative wildlife species includes 
trophic level, feeding habits, and the availability oflife history information. Representative wildlife receptors 
selected for the RFT Site are summarized in the following text table. 

Summary of Representative Wildlife Receptors 

Type Species Represents 

Small Deer Mouse Small mammalian terrestrial omnivore receptors ingesting terrestrial 
Mammalian (Peromyscus food items (vegetation & terrestrial invertebrates), soil, and surface 
Omnivores maniculatus) water. 

Small 
Masked Shrew Small mammalian ten·estrial insectivore receptors ingesting terrestrial 

Mammalian 
Insectivores 

(Sorex cinereus) food items (soil invertebrates), soil, and surface water. 

Mammalian Red Fox Mammalian carnivore receptors ingesting terrestrial food items (small 
Carnivores (Vulpes vulpes) mammals), soil, and surface water. 

Mammalian Mink Mammalian piscivore receptors ingesting aquatic food items (fish), 
Piscivores ·--~--(Mus1eitf vis011.)____ sed_i.m~nt. and surface water_-- --- ---- -- - - -- --It - - ------ -

~\·~-
Mallard Duck Avian insectivore receptors ingesting aquatic food items (benthic I) ~~mall Avian 

; -Insectivores (Anas platyrhynchos) invertebrates), sediment, and surface water. 
/ _____ / 

"-- ------·-----------··-~·---.-----------------------·--.... _____ ----

Small Avian 
Greater-Sage Grouse 

Small avian te1Testrial herbivore receptors ingesting terrestrial food 
Herbivores 

( Centrocercus 
items (vegetation), soil, and surface water. 

urophasianus) 

Small Avian American Robin Avian omnivore receptors ingesting terrestrial food items 
Omnivores (Turd us migratorius) (vegetation & soil invertebrates), soil, and surface water. 

Avian American Kestrel Avian carnivore receptors ingesting terrestrial food items (small 
Carnivores (Falco sparverius) mammals), soil, and surface water. 

Avian Belted Kingfisher A vi an piscivore receptors ingesting aquatic food items (fish), 
Piscivores ( Cen·le a/cyan) sediment, and surface water. 

Some species-specific factors ar~ needed to estimate doses ofCOPCs including body weight, ingestion rates, 
and dietary composition. These wildlife exposure factors are derived largely from the Wildlife Exposure 
Factors Handbook (US EPA, 1993a and b). The exposure factors including derivation and sources are 
provided as Appendix B. A summary of the exposure factors selected for the selected wildlife receptors is 
provided in Table 5-4. 

SERA for Richardson Flat Tailings 5-3 February 2002 



) 

) 

5.3.2 Estimation of Doses Associated with Ingestion of Surface Water or Seep Water 

Exposures to COPCs in surface water are quantified based on the following equation: 

where: 

csw 
AUF 
BW 

!RswxC,... 
Dose sw = xA UF 

BW 

Ingestion rate of surface water or seep water for the receptor of interest 
(Liday); 
Concentration ofCOPC in sediment (mg/L); 
Area Use Factor; and 
Body weight of the receptor of interest (kg wet weight). 

DRAFT 

C,,., is equal to the EPC of each COPC for surface water within each exposure area. The EPC is equal 
to either the 95111 upper confidence limit (95UCL) of the mean or the maximum concentration, whichever 
is lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half 
the reported detection limit in the calculation of the EPC. The surface water EPC concentrations for 
each COPC by exposure area are listed in Table 5-5. These EPC concentrations are compared to 
toxicity reference values (TRVs) calculated for wildlife in Section 6.5 to estimate risks for wildlife for 
ingestion ofCOPCs in surface water in Section 7.5.1 and seep water in Section 7.5.3. The AUF for each 
wildlife species is conservatively assumed to be 100%. 

5.3.3 Estimation of Doses Associated with Ingestion of Sediments 

Exposures to COPCs in sediment are quantified based on the following equation: 

where: 

IR,ed 
csed 
AUF 
BW 

/RsedxCsed 
Dosesed = BW xAUF 

Ingestion rate of sediment for the receptor of interest (kg dry weight/day); 
Concentration of COPC in sediment (mg/kg dry weight); 
Area Use Factor; and 
Body weight of the receptor of interest (kg wet weight). 

Csect is equal to the EPC for each COPC for sediment within each exposure area. The EPC is equal to 
either the 9Yh upper confidence limit (95UCL) of the mean or the maximum concentration, whichever is 
lower. COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half the 
reported detection limit in the calculation of the EPC. The sediment EPC concentrations for each COPC 
by exposure area are listed in Table 5-6. These EPC concentrations are compared to toxicity reference 
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values (TRVs) calculated for wildlife in Section 6.5 to estimate risks for wildlife for ingestion of COPCs 
in sediment in Section 7.5.2. The AUF for each wildlife species is conservatively assumed to be 100%. 

5.3.4 Estimation of Doses Associated with Ingestion of Soils/Tailings 

Exposures to COPCs in soil/tailings are quantified based on the following equation: 

where: 

IR,oil 
c;oil 

AUF 
BW 

JRsedxCsed 
Dose sed = xA UF 

BW 

Ingestion rate of soil for the receptor of interest (kg dry weight/day); 
Concentration of COPC in soil (mg/kg dry weight); 
Area Use Factor; and 
Body weight of the receptor of interest (kg wet weight). 

C,0 ;1 is equal to the EPC of each COPC for soil/tailings at each exposure area. The AUF for each 
wildlife species is conservatively assumed to be 100%. The estimated doses for exposure to COPCs in 
soil/tailings are calculated for each representative wildlife species and presented in Section 6. The 
estimated doses are compared to dietary ingestion TRVs in Section 6.2 to characterize risks. 

C,ect is equal to the EPC for each COPC for soil within each exposure area. The EPC is equal to either 
the 95'h upper confidence limit (95UCL) of the mean or the maximum concentration, whichever is lower. 
COPCs that are non-detects (U qualified; below the detection limit) are evaluated at one-half the reported 
detection limit in the calculation of the EPC. The soil EPC concentrations for wildlife for each COPC by 
exposure area are listed in Table 5-7. These EPC concentrations are compared to toxicity reference 
values (TRY s) calculated for wildlife in Section 6.5 to estimate risks for wildlife for ingestion of COPCs 
in soil in Section 7.5 .4. The AUF for each wildlife species is conservatively assumed to be 100%. 

5.3.5 Estimation of Doses Associated with Ingestion of Food Items 

Dietary exposures are possible for terrestrial wildlife by ingestion of terrestrial food chain items (soil 
invertebrates, plants, birds and mammals) and/or ingestion of aquatic food chain items (plants, benthic 
invertebrates, and fish). For the SERA, five food types are included in the wildlife exposure model 
including aquatic invertebrates, fish, terrestrial vegetation, soil invertebrates and small mammals. 

The dietary intake of a COPC for each representative species is estimated by the following equation: 

D 
JR10nd XL( Ctood, X dfi) 

OSedier =-------:___ 
BW 

IRrood Ingestion rate of food for the receptor of interest (kg dry weight/day); 
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Concentration of COPC in food type "i" (aquatic invertebrate, fish, plant or soil 
invertebrate) (mg/kg wet weight); 
Dietary fraction (proportion in the diet) of food type "i" (unitless) for the 
receptor of interest; 
Body weight for the receptor of interest (kilograms). 

For the SERA, measured biological tissue data is not available; therefore, the calculation of dietary 
exposure concentrations and doses for wildlife receptors is based on estimated tissue concentrations using 
bioaccumulation factors (BAFs) for each COPC for each media of concern. Crood is equal to the 
estimated concentration of each COPC in biota within each exposure area. The estimated concentrations 
of COPCs in food items are based on the EPC concentrations in the respective environmental media 
(surface water, sediment or soil). The EPC concentrations in food items are listed in Table 5-8. The 
following subsections describe how concentrations of COPCs in food items are estimated and doses for 
wildlife calculated for each food item. 

5.3.5.1 Benthic Invertebrates and Fish 

In order to evaluate food chain exposures for terrestrial wildlife consuming aquatic receptors (benthic 
invertebrates and fish) at the RFT Site it is necessary to estimate tissue concentrations. Metal tissue 
concentrations in benthic invertebrates are estimated using equations that estimate the bioaccumulation of 
inorganic elements into freshwater invertebrate tissues from sediment. These biota-sediment 
accumulation factors (BSAFs) focus primarily on invertebrates with terrestrial adult stages (i.e.: mayt1ies) 
or are prey items for fish (i.e.: amphipods, tubificid worms) and are intended for use in screening level 
ecological risk assessments to determine the need for further evaluation (BJC, 1998). Based on the 
model recommendations, the 90tl' percentile BSAF based on both depurated and non-depurated organisms 
is used to derive benthic tissue concentrations from sediment. 

Parameter 
90'h Percentile 

BSAF 

Arsenic 0.69 
Cadmium 41.55 

Chromium 0.468 
Cobalt 5.25 

Copper 23.87 
Lead 0.607 

Mercury 2.868 

Nickel 2.32 
Zinc 7.527 

[cone in benthic dw] = BSAF *[cone in sediment dw] 

Estimated tissue concentrations in benthic invertebrates, based on sediment EPC concentrations. are 
calculated for each exposure area in Appendix C. A summary of these concentrations are provided in 
Table 5-8. These concentrations are used to estimate doses for wildlife consuming benthic invertebrates. 
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The doses are provided in Appendix C. The doses are compared to TRVs from Section 6.5 to 
characterize risks for wildlife receptors from the ingestion of benthic invertebrates in Section 7.5 .5 .I. 

Metal tissue concentrations in fish tissue are assumed, conservatively, to be equal to sediment 
concentrations. This is assumed to represent both uptake from surface water and sediments. The actual 
extent ofbioaccumulation of metals from surface water and sediments into fish tissue is dependant on 
multiple site-specific factors that are difficult to model. 

Estimated tissue concentrations in fish, based on sediment EPC concentrations are calculated for each 
exposure area in Appendix C. A summary of these concentrations are provided as Table 5-8. These 
concentrations are used to estimate doses for wildlife consuming fish. The doses are provided in 
Appendix C. The doses are compared to TRVs from Section 6.5 to characterize risks for wildlife 
consuming fish in Section 7.5.5.2. 

5.3.5.2 Terrestrial Plants 

In order to evaluate food chain exposures for wildlife consuming terrestrial plants, plant tissue 
concentrations are estimated for each exposure area using equations that estimate the bioaccumulation of 
inorganic elements into terrestrial plant tissues based on soil concentrations. Bechtel Jacobs Company 
(BJC) ( 1998) reviewed available literature for collocated soil and plant data to derive empirical models for 
the uptake of metals from soil to plants. BJC ( 1998) concluded that for ecological risk assessments, a 
single-variable regression model better estimates plant tissue concentrations from soil concentrations than 
use of a single uptake factor. For several inorganic elements (such as cadmium, mercury, selenium, and 
zinc), a multiple regression model that includes pH is preferred. Unfortunately, data regarding soil pH is 
not available at the RFT Site, therefore all plant tissue estimates are calculated using the single-variable 
regression model. 

Parameter Bo Bt Rz 

Arsenic -1.992 0.564 0.145 

Cadmium -0.476 0.546 0.447 

Copper 0.669 0.394 0.314 

Mercury -0.996 0.544 0.598 

Lead -1.328 0.561 0.243 

Selenium -0.678 1.104 0.633 

Zinc 1.575 0.555 0.402 

ln(plant) = B0 + B1 * ln(soil) 

where all concentrations are expressed as mg/kg dw 

Estimated tissue concentrations of COPCs in plants based on soil EPC concentrations are calculated in 
Appendix C. A summary of these concentrations are provided in Table 5-8. These concentrations are 
used to estimate doses for wildlife consuming plants. The doses are provided in Appendix C. These 
doses are compared to TRVs from Section 6.5 to characterize risks for wildlife receptors from the 
ingestion of plants in Section 7.5.5.3. 
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5.3.5.3 Terrestrial Invertebrates (Earthworms) 

In order to evaluate food chain exposures from soil invertebrates, earthworm tissue concentrations are 
estimated for each exposure area using bioaccumulation models derived by Sample et al. ( 1998a). 
Sample et al. ( 1998a) developed a database of soil and earthworm tissue concentrations for several 
inorganic and organic chemicals based on 32 studies from 11 countries and 5 states. For almost all 
inorganic elements, a single-variable regression model provides the best estimates of earthworm tissue 
concentrations. For cadmium and lead, a multiple regression model including soil calcium improved the 
model fit. Measured data regarding soil calcium, however is not available for most soil samples collected 
at the RFT Site, therefore all earthworm tissue estimates are calculated using the single-variable 
regression model. No model is identified to accurately predict chromium or nickel concentrations in 
earthworm tissue. 

Parameter Bo Bt R2 

Arsenic -1.421 0.706 0.26 

Cadmium 2.114 0.795 0.67 

Copper 1.675 0.264 0.18 

Mercury a 0.0781 0.3369 0.51 

Lead -0.218 0.807 0.8 

Selenium t -0.075 0.733 0.43 

Zinc 4.449 0.328 0.45 

ln(earthworm) = B0 + B1 * ln(soil) 
where all concentrations are expressed as mg/kg dw 

a Based on model data only, validation data excluded 
t Based on data set with outlier excluded 

Tissues concentrations of COPCs in earthworms are estimated for each exposure area based on the EPC 
values for soil. The calculations are provided as Appendix C and the results are summarized in Table 5-8. 
These concentrations are used to calculate doses for wildlife species consuming soil invertebrates for 
each exposure area. These calculations are provided in Appendix C. The doses are compared to TRVs 
calculated in Section 6.5 to estimate risks for wildlife consuming soil invertebrates in Section 7.5.5.4. 

5.3.5.4 Small Mammals 

In order to evaluate food chain exposures for wildlife species consuming small mammals, tissue 
concentrations are estimated for each exposure area using bioaccumulation models derived by Sample et 
al. ( 1998b ). Sample et al. ( 1998b) developed a database of soil and small tissue concentrations for 14 
inorganic and 2 organic chemicals based on 20 different studies. Small mammal species are divided into 3 
trophic feeding groups based on diet- herbivore, insectivore, and omnivore. If sufficient data were 
available for each trophic group (N>4), trophic-group-specific regression models were developed based 
on whole body tissue concentrations. If there was insufficient data or if trophic-group-specific models 
were not reliable, general regression models, which included all trophic group data were developed. For 

SERA for Richardson Flat Tailings 5-8 February 2002 



) 

DRAFT 

most inorganic elements, a single-variable regression model was used to estimate small mammal tissue 
concentrations. For barium and mercury in all trophic groups and for chromium and copper in herbivores, 
the estimated tissue concentration was based on the median uptake factor. 

Median 
Parameter Trophic Group Equation used for Estimation Bo Bl Uptake R2 

Factor 
Insectivore General -4.84 71 0.8188 -- 0.52 

Arsenic Herbivore Trophic-group regression -5.6531 1.1382 -- 0.72 
Omnivore Trophic-group regression -4.5796 0.7354 -- 0.41 

Barium All Median general UF - - 0.0168 --

Insectivore Trophic-group regression 0.815 0.9638 -- 0.53 
Cadmium Herbivore Trophic-group regression -1.2571 0.4723 -- 0.64 

Omnivore Trophic-group regression -1.5383 0.566 -- 0.63 
Insectivore & 

General -1.4599 0.7338 0.42 
Chromium Omnivore 

--

Herbivore Median trophic group UF - - 0.0774 --

Insectivore Trophic-group regression 2.1042 0.1783 -- 83 
Copper Herbivore Median trophic group UF - - 0.0525 --

Omnivore Trophic-group regression 1.4592 0.2681 -- 0.48 
Mercury All Median general UF - - 0.0543 --

Insectivore Trophic-group regression 0.4819 0.4869 -- 0.53 
Lead Herbivore Trophic-group regression -0.6114 0.5181 -- 0.68 

Omnivore General 0.0761 0.4422 -- 0.37 

Selenium All General -0.4158 0.3764 -- 0.31 
Zinc All General 4.4 713 0.0738 -- 0.13 

ln(small mammal)= B0 + B 1 * ln(soil) 
small mammal = median uptake factor * soil 

where all concentrations are expressed as mg/kg dw 

Tissue concentrations of each COPC for each exposure area are estimated based on the soil EPC values. 
The calculations are provided in Appendix C. A summary of the concentrations by exposure area are 
listed in Table 5-8. These concentrations are used to estimate doses for wildlife consuming small 
mammals. The calculations are provided in Appendix C. The doses are compared to TRY values 
calculated in Section 6.5 to estimate risks for wildlife consuming small mammals in Section 7.3.5.5. 
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6.0 SCREENING LEVEL EFFECTS ASSESSMENT 

Potential risks for ecological receptors are estimated in the SERA based on the Hazard Quotient (HQ) 
approach. The exposure concentrations (or doses) identified in Section 5 are compared to respective 
toxicity screening benchmarks to calculate an HQ value. If the HQ is less than or equal to one, then no 
potential for adverse effects is expected. If the HQ exceeds one, adverse effects are possible. This 
section identifies the toxicity screening benchmarks for each receptor for each exposure medium. 

6.1 Toxicitv Benchmarks for Aquatic Receptors 

6.1.1 Screening Benchmarks for Surface Water and Seeps 

The USEPA has derived acute 24-hour and chronic 4-day Ambient Water Quality Criteria (A WQC) 
values for a number of metals in surface water, including each of the metals of potential ecological 
concern at the RFT Site (USEPA, 1985b-e; USEPA, 1987; USEPA, 1996; USEPA, 2001b). These 
A WQC values are based on thorough review of available toxicological information and toxicity testing on 
the effects of the metal on aquatic receptors (including benthic invertebrates, fish, and aquatic plants), and 
each criterion is intended to protect 95% of the aquatic genera for which toxicity data are available 
(USEP A, 1985a). 

An important characteristic of A WQC values is that many (but not all) depend on the properties of the 
test water, especially hardness. Thus, the A WQC for many metals are not fixed values, but increase as 
hardness increases. The generic fom1 of the equation used to calculate the A WQC (expressed in units of 
ug/L) at a given hardness H (expressed in units ofmg/L) is as follows: 

AWQCtotal = exp[a x ln(H) + b] 

The parameters a and b are empirically-derived coefficients of the best fit straight line through the data in 
log space. That is: 

ln(A WQC 101a1) =a x ln(H) + b 

In cases where the value of AWQC does not depend on hardness (e.g., arsenic), the value of 'a' is zero 
and the equation reduces to: 

AWQCtotaJ = exp(b) =Constant 

Originally, all A WQC are expressed in terms of total recoverable metal, and are used by comparison to 
the total recoverable metal concentrations measured in surface water at the site. Subsequently, the EPA 
concluded that dissolved metals (rather than total metals) are a better indicator of potential risks due to 
direct contact (e.g., gill respiration in fish) as this concentration represents the amount of the constituent 
that is biologically available ( USEP A, 1995). As a result, the EPA has identified a method for adjusting 
the A WQC based on total metals which is suitable for use in evaluating risks from dissolved metals 
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(USEP A 1995). The general fom1 of the equation used to adjust the criterion from total to dissolved is as 
follows: 

A WQCdissolved =A WQCtotal x Conversion Factor 

Conversion Factor= m - n x ln(H) 

The parameters m and n are empirically-derived coefficients of the equation relating total and dissolved 
concentrations of the metal in laboratory water. 

In some cases the conversion factor does not depend on hardness (e.g., arsenic, copper, zinc), so the 
value of 'n' is zero and the equation reduces to: 

Conversion Factor= m 

However, evaluation of risks to receptors based only on dissolved metal levels could tend to underestimate 
the total risk across all exposure pathways, including direct contact with solids (either as sediment or 
suspended in the river) as well as ingestion of contaminated foods and sediments. Even though total 
recoverable metal levels in surface water may not correlate well with risks from direct contact exposure, 
use of this more conservative concentration value can help compensate for the omission of risks from 
other exposure pathways. 

Table 6-1 summarizes the parameters (a, b, m, n) needed to calculate the acute and chronic default 
A WQC for total and dissolved metals of potential concern at the RFT Site and presents A WQC values 
for each metal at a hardness of 100 mg/L. Also presented are the specified hardness limits for derivation 
of the A WQC, if the measured station hardness is outside of the specified hardness limits, the applicable 
hardness limit is used to calculate the station-specific AWQC. 

The aquatic benchmarks used to select COPCs in surface water in Section 4 are also A WQC values. In 
that instance, the chronic A WQC for both dissolved and total metals was compared'the maximum 
detected concentration to identity a contaminant as a COPC. For the screening risk characterization, 
these comparisons are made for each surface water sampling station for both acute and chronic criteria. 
The results provide some insight on spatial trends of potential risks for aquatic life. 

6.1.2 Screening Benchmarks for Sediment 

Screening benchmarks for aquatic invertebrates for exposure to COPCs in sediment are identified based 
on a review of literature reporting sediment quality guidelines. Several sets of sediment quality guidelines 
are available. The National Oceanic and Atmospheric Administration (NOAA) compiled a set of Effects 
Range Low (ERL) and Effects Range Median (ERM) levels for contaminants in sediment (Long and 
Morgan, 1991 ). The Ontario Ministry of Environment has identified a set of Severe Effects Threshold 
(SET) values (Persaud eta!., 1993). MacDonald eta!. (1996) expanded on the work of Long and 
Morgan (1991) and developed a set of guidelines including threshold effects levels (TELs) and probable 
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effects levels (PELs). These sediment quality guidelines are derived based on data primarily from marine 
environments. 

Ingersoll et al. (1996) compiled freshwater sediment toxicity data from nine different sites in the United 
States and identified a series of sediment effect concentrations (SECs) for a series of metals in sediment. 
The SECs are defined as the concentrations of individual contaminants in sediment below which toxicity is 
rarely observed and above which toxicity is frequently observed. The database was compiled to classify 
toxicity data for Great Lakes sediment samples. Ingersoll et al.( 1996) derived five different SECs 
according to the methodology of Long and Morgan (1990), Persaud et al. (1993) and MacDonald 
Environmental Sciences Ltd (1994). The SECs include an ERL, ERM, TEL, PEL and no effect 
concentration (NEC). Ingersoll et al ( 1996) calculated these freshwater ERL, ERM, TEL and PEL 
values using the same procedures as NOAA and MacDonald Environmental Sciences Ltd. (1994). 

NOAA ERLand ERM Values. The NOAA ERL represents the lOth percentile of values 
sorted in ascending order reported to be associated with an adverse effect. The NOAA ERM is 
the median value in the ranking. An ERL is defined by Long and Morgan ( 1990) and Long et al. 
( 1995) as the concentration of a chemical in sediment below which adverse effects are rarely 
observed or predicted among sensitive species. An ERM is defined by Ingersoll et al ( 1996) as 
the concentration of a chemical above, which effects are frequently or always observed or 
predicted among most species. The ERLs calculated by Ingersoll et al. ( 1996) use the 15th 
percentile. 

State of Florida TEL and PEL Values. MacDonald Environmental Sciences Ltd .(1994) 
calculated TELs and PELs using an expanded database of Long and Morgan ( 1991 ). Freshwater 
data were excluded from the analyses. Sediment concentrations associated with an adverse 
effect were sorted in ascending order and an ERL (15th percentile) and ERM (50th percentile) 
were identified. The concentrations associated with no adverse effect were also sorted and a no 
effect range high (85th percentile) and no effect range median (50th percentile) were identified. 
The TEL is equal to the geometric mean of the ERLand no effect range median. The PEL is 
equal to the geometric mean of the ERM and the no effect range high. Although similar, the TEL 
and PEL values are lower than the ERL and ERM values. The values are lower because they 
are calculated using both "effect" and "no-effect" data; whereas, the ERLand ERM use only 
"effect" data. The NEC is the maximum concentration of a chemical in sediment that does not 
significantly adversely affect the particular response when compared to the control. 

Consensus-Based Sediment Quality Guidelines (SQGs). In an effort to focus on 
agreement among the various sediment quality guidelines (previously discussed), MacDonald et 
al. (2000) issued consensus-based SQGs for 28 chemicals of concern. For each chemical of 
concern, a threshold effect concentration (TEC) and a probable effect concentration (PEC) were 
identified. The predictive reliability of these values was also evaluated. The criteria for 
establishing reliability of the consensus-based PECs was based on Long et al. ( 1998). This 
predictive ability analysis was focused on the ability of each SQG when applied alone to classify 
samples as either toxic or non-toxic. These criteria are intended to evaluate the narrative intent 
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of the values. Sediment toxicity should be observed only rarely below the TEC and should be 
frequently observed above the PEC. Individual TECs were considered reliable if more than 75% 
of the sediment samples were correctly predicted to be non-toxic. Similarly, the individual PEC 
was considered reliable if greater than 75% of the sediment samples were correctly predicted to 
be toxic. Therefore the target levels of both false positives (samples incorrectly classified as 
toxic) and false negatives (samples incorrectly classified as non toxic) was 25% using the TEC 
and PEC. The SQGs were considered to be reliable only if a minimum of 20 samples were 
included in the predictive ability evaluation (MacDonald et al., 2000). The results of the reliability 
analyses is summarized in the following table: 

Reliability oflndividual Consensus-Based Sediment Quality Guidelines (MacDonald et at., 2000) 

% of Samples Correctly 
TEC 

% of Samples Correctly 
PEC 

Chemical Predicted to Be Non-
Reliable? 

Predicted to Be Toxic 
Reliable? 

Toxic based on TEC based on PEC 

Arsenic 74.1% No 76.9% Yes 

Cadmium 80.4 Yes 93.7 Yes 

Chromium 72.0 No 91.7 Yes 

Copper 82.3 Yes 91.7 Yes 

Lead 81.6 Yes 89.6 Yes 

Mercury 34.3 No 100 Yes 

Nickel 72.3 No 90.6 Yes 

Zinc 81.6 Yes 90.0 Yes 

Because field collected sediments contain a mixture of chemicals, a second predictive analyses was 
completed for use of the individual SQGs together in classifying a sediment as toxic or non-toxic. The 
incidence of effects was noted above and below various mean PEC quotients (ratios). The mean PEC 
ratio equals the average of the ratios of the concentration of the chemical to the corresponding PEC using 
on the PEC values that were found to be reliable. 92% of sediment samples with a mean PEC quotient> 
1.0 were toxic to one or more species of aquatic organisms. The relationship between PEC quotient and 
incidence of toxicity is depicted in Figure 6-1. The mean PEC quotient was found to be highly correlated 
with incidence of toxicity (r = 0.98) (MacDonald et al., 2000). 

For the SERA consensus-based SQGs from MacDonald et al. (2000) are used as a range of toxicity 
benchmarks for sediment. The TEC is used as the low benchmark and the PEC as the high benchmark. 
Consensus values are not available for aluminum, antimony, barium, beryllium, cobalt, cyanide, 
manganese, selenium, silver, thallium or vanadium. For aluminum and manganese the lowest and highest 
SEC values from Ingersoll et al. (1996) are used as the range of toxicity benchmarks for sediments. For 
silver, sediment toxicity benchmarks are the range of values reported by NOAA (ERLand ERM) (Long 
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et al., 1995) and the state of Florida (MacDonald Environmental Sciences Ltd., 1994). For antimony the 
benchmarks are the range of values reported by Long and Morgan (1991 ). Sediment toxicity benchmarks 
could not be identified for barium, beryllium, cobalt, cyanide, selenium, thallium and vanadium. 

For the SERA, the identified low and high sediment toxicity benchmarks are listed in Table 6-2. These 
values are compared to the EPC values for sediments for each sampling location (Section 5.1.2) to 
evaluate risks for benthic invertebrates for direct contact with COPCs in sediment in Section 7 .1.2. 

6.2 Toxicity Benchmarks for Amphibians 

Screening benchmarks for the protection of amphibians from aqueous direct contact exposures are 
identified for several endpoints from the EPA AQUIRE database. With the exception of cyanide, the 
data available are LC50 values which represent a test concentration lethal to 50% of the test population. 
To estimate a toxicity benchmark value for no adverse effects, the lowest LC50 from the database is 
selected and the concentration is divided by ten. The only available endpoint for cyanide is avoidance 
behavior. Selected benchmarks are presented in Table 6-3. It should be noted that these benchmarks 
serve as screening values that do not account for site-specific factors which may either increase or 
reduce toxicity. 

The toxicity screening benchmark for each COPC is compared to the EPC value for surface water and 
seep water to calculate HQ values in Sections 7.2.1 and 7.2.2, respectively. 

6.3 Plant Toxicity Benchmarks 

6.3.1 Screening Benchmarks for Soil 

Plants are exposed to metals in soil principally through their roots. Exposure may also occur due to 
deposition of dust on foliar (leaf) surfaces, but this pathway is believed to be small compared to root 
exposure. Copper and zinc are considered to be essential or beneficial for plant growth (Kabata-Pendias 
and Pendias, 1992). However, excessive levels of these and other metals in soil may exert a variety of 
adverse effects on plants including reduced photosynthetic efficiency, reduced seed germination, and 
reduced root-mass formation. These phytotoxic responses may occur at the scale of the individual plant or 
may effect the entire plant community, resulting in areas of stressed and unhealthy vegetation. Stressed 
communities are often subject to invasion by weedy metals-tolerant species which in tum can result in the 
disruption and displacement of an entire plant community that would otherwise be found in an affected 
area. In some locations, lethality to plants can result, and areas with little or no vegetative cover may 
occur. 

A relatively large body of literature exists regarding metal phytotoxicity. These studies show that the 
toxicity of metals in soils varies widely between different plant species, and also depends on a large 
number of soil parameters including soil type, organic content, water content, soil condition, soil chemistry, 
and soil pH (Adriano, 1986; Kabata-Pendias and Pendias, 1992; CH2MHill, 1987a; CH2MHill, 1987b; 
Efroymson et al., 1997a). This variability is evident by inspection of Table 6-4, which summarizes 
phytotoxicity benchmarks for metals that are recommended and used by different authors and groups. 
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These values vary over an order of magnitude or more for each metal. Screening benchmarks for 
cyanide and selenium could not be identified. 

The low and high toxicity values identified in Table 6-4 are compared to EPCs in soil for each sampling 
location to evaluate risks for terrestrial plants in Section 7.3 .1. 

6.3.2 Screening Benchmarks for Water 

Screening benchmarks for the protection of plants from aqueous exposures are available from the Oak 
Ridge National Laboratory (ORNL) (Efroymson et al., 1997a). The screening benchmarks developed by 
ORNL are assumed to be representative of exposures of plants to contaminants measured in soil solutions 
(e.g., from lysimeter samples or possibly from aqueous extracts of soil) or in very shallow groundwater 
(e.g., plants in the vicinity of seeps and springs). 

Solution benchmarks include data from toxicity tests conducted using whole plants rooted in aqueous 
solutions. Tests are commonly conducted in this manner because plants are assumed to be exposed to 
contaminants in the solution phase of soil, and the presence of soil in test systems reduces the 
experimenter's degree of control over exposure (Efroymson et al., l997a). It should be noted that these 
benchmarks are used for screening and do not account for site-specific soil and plant characteristics. 

The phytotoxicity benchmarks are derived by rank-ordering the LOEC values and then selecting a 
benchmark that approximated the 1Oth percentile. If there were 1 0 or fewer values for a chemical, the 
lowest LOEC is used. If there are more than 1 0 values, the 1Oth percentile LOEC value is used. If the 
1Oth percentile fell between LOEC values, a value is chosen by interpolation. Since these benchmarks are 
intended to be thresholds for significant effects on growth and production, test endpoints that indicate a 
high frequency of lethality are not appropriate. Therefore, when a benchmark is based on an LC50 or on 
some other endpoint that includes a 50% or greater reduction in survivorship, the value is divided by a 
factor of 5, an approximation of the ratio of the LC50 to the EC20. In all cases, benchmark values are 
rounded to one significant figure. The selected toxicity benchmarks for plants for aqueous exposures are 
presented in Table 6-5. These benchmarks are compared to EPCs for seep water (Section 5. 2.2) in 
Section 7 .3.2 to evaluate risks for terrestrial plants associated with exposure to COPCs in seep water 
(groundwater data). 

6.4 Soil Fauna Toxicitv Benchmarks 

Soil organisms are defined as organisms that live during an essential part of their life cycle in the soil. 
This includes both soil invertebrates (e.g., worms, some insects and arthropods, etc), and soil microbes 
(bacteria, fungi, etc.). Soil organisms are important components of the terrestrial ecosystem as prey for 
other species, and because they contribute substantially to litter breakdown. Soil invertebrates fragment 
and partially solubilize organic matter, while soil microorganisms mineralize complex organic molecules to 
simple molecules that can be taken up by roots, or further mineralized to C02 and H20 (Eijsackers, 1994). 
Earthworms are probably the most important soil invertebrate in promoting soil fertility (Edwards, 1992). 
Their feeding and burrowing activities break down organic matter and release nutrients and improve 
aeration, drainage and aggregation of soil. 
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Soil organisms are distinguished as inhabitants of either pore water, mineral soil or the litter layer. Some 
scientists distinguish between "in soil" and surface-active organisms, but this distinction can be arbitrary 
and is not considered for this assessment. Soil organisms can be exposed to contaminants in soils by 
direct contact with metals in pore water, and ingestion of metals in mineral soil or the litter layer. 
Site-specific soil and invertebrate characteristics can influence the bioavailability and resulting toxicity of 
metals from the soils to soil organisms (Eijsackers, 1994 ). 

Soil screening benchmarks for the protection of soil organisms and microbial processes are available from 
three different sources, including ORNL (Efroymson et al., 1997b ), the National Institute of Public Health 
and the Environment (Bilthoven, the Netherlands) (RIVM, 1997), and the Canadian Council of Ministries 
ofthe Environment (CCME, 1997). 

The screening benchmarks developed by ORNL for application at hazardous waste sites (Efroymson et 
al., l997b) are derived using a method similar to that used by NOAA to establish the ERLs and ERMs for 
sediment (Long and Morgan, 1990). The data available on toxicity of a contaminant to soil organisms 
were reviewed and the lowest observed effect concentration (LOEC) was determined. The LOEC is 
defined as the lowest applied concentration of the chemical causing a greater than 20% reduction in the 
measured response. In some cases, the LOEC was the lowest concentration tested or the only 
concentration reported (EC50 or ED50 data). The LOECs were rank ordered and a value selected that 
approximated the 1Oth percentile. When a benchmark was based on a lethality endpoint, the benchmark 
value was divided by 5 to approximate an effects concentration for growth and reproduction. The factor 
was selected based on the author's judgement. The benchmark values were then rounded to one 
significant figure (Efroymson et al., 1997b ). Efroymson et al. ( 1997b) developed screening benchmarks 
for earthworms and microorganisms and microbial soil processes. 

The values developed by each of these groups are summarized in Table 6-6. As seen, in most cases the 
benchmarks developed by the different groups for each chemical vary by less than an order of magnitude. 
An exception is mercury, for which the range of soil invertebrate TRYs is substantially wider (300-fold). 
Screening benchmarks for antimony and cyanide could not be identified. 

For the purposes of the SERA, the low and high toxicity benchmarks are compared to soil EPCs for each 
sampling location (Section 5.2 .l) to calculate a range of HQ values in Section 7 .4. 

6.5 Wildlife Toxicitv Reference Values (TRVs) 

Two toxicity reference values (TRYs) are identified for each COPC for each representative wildlife 
species. The first TRY is an estimate of the dose (mg of contaminant per kg of body weight per day) that 
is not associated with any adverse effects to the species. This is referred to as the no observed adverse 
effect level (NOAEL) TRY. The second TRY is an estimation of the dose that first causes an 
observable adverse effect, and is referred to as the lowest observed adverse effect level (LOAEL) TRY. 
This range ofTRYs is one way to bracket the true threshold for adverse effects. 
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The NOAEL and LOAEL TRYs are based on a critical review of published toxicity data. Two 
secondary sources (Sample et aL, 1996 and Engineering Field Activity West, 1998) were used to identify 
key toxicological studies for each of the COPCs. The studies were reviewed to determine the relevance 
and reliability ofthe study results for derivation of a TRY. The critical studies used to derive the TRYs 
are presented in detail for each contaminant and each receptor in Appendix D. 

Separate TRYs (both NOAEL-based and LOAEL-based) were developed for exposure via water and 
the diet This distinction is based on the observation that the absorption (and hence the toxicity) of metals 
in the diet is usually lower than for metals dissolved in water. Both the water TRYs and the dietary 
TRY s were based on published toxicity data, wherever possible. If toxicity data were available for only 
one of these media (water or diet, but not both), a relative absorption factor of 50% was assumed to 
extrapolate to the other medium: 

TRY(water) =TRY( diet) x 0.50 
TRY( diet)= TRY(water) I 0.50 

This adjustment factor of 50% is based on professional judgement, but is supported by evidence that 
metals in water typically exist in a readily bioavailable form, and that dietary materials (proteins, 
carbohydrates, other minerals) tend to bind metals and/or compete for uptake sites, hence reducing their 
bioavailability. This concept has been used previously by US EPA in the derivation of food- and water­
based Reference Doses (RIDs) for cadmium (IRIS, 1998). 

In theory, separate TRYs are needed for sediment and soil ingestion, since absorption of contaminants 
from sediment may not be the same as from either food or water. However, there are no toxicity data for 
any of the COPCs to any of the representative wildlife species where the exposure occurs in the form of 
soiL Therefore, TRYs for food were used as surrogates for sediment and soil TRYs. It is considered 
likely that this approach may tend to overestimate exposure and risk from ingestion of sediment and soil, 
but this is not known for certain. 

.:r When reliable toxicity data could not be located for a representative species, it was necessary to 
-~~ extrapolate toxicity data from studies using another species. In some cases, available toxicity data were 
~ too limited to allow precise definition ofNOAEL and LOAEL values for relevant endpoints. To account 
\., 
j" for these data gaps, each TRY was derived from the study dose level identified as the NOAEL or 

LOAEL by dividing by an Uncertainty Factor (UF) as follows: n I , i 
-~ TRY= Study Dose I UF (y~l j ,;I~/ <- . 

r.__~ -~ .- •. :~ 

'~ -~ 

.., The value of UF was calculated as the product of a series of sub-factors. These sub-factors of \ ( j ' 
uncertainty are presented in Table 6-7 and include inter-taxon extrapolation, exposure duratio ;'. · ~-
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toxicological endpoint, and other modifying factors such as threatened and endangered sta s, contamina '};:Y · 
sensitivity, developmental differences, etc. In general, USEP A Region VIII r e that HQ values,._ . ...-J. , -
be calculated only in cases where the total UF used to derive a TRY is less th . 10 . seen in J-! V ._ 
Appendix D, UFs used to derive TRYs are all below 100. TheTRYs derived for·each representative i_/ -
wildlife species are summarized in Table 6-8. The TRVs are compared to doses estimated for each 
wildlife species as described in Section 5.2 to estimate risks in Section 7.5. 
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7.0 SCREENING LEVEL RISK CHARACTERIZATION 

Potential risks to ecological receptors from exposure to COPCs are characterized by use of a Hazard 
Quotient (HQ) approach. The HQ is defined as the ratio of the exposure point concentration (EPC) to 
the appropriate toxicity screening benchmark: 

·Exposure HQ = _.=______ __ 

Benchmark 

If the effects of different chemicals on a receptor act on the same target tissue by the same mechanism, 
then the total Hazard Index (HI) to the receptor may be estimated as the sum of the chemical-specific 
HQ values across chemicals. At the RFT Site, it has been conservatively assumed that effects of all the 
metals on each of the receptors are additive. 

Total HJ/L HQi, r 

If the HQ or total HI is less than or equal to one, it is believed that unacceptable risks will not occur in 
the exposed population. If the HQ or total HI exceeds one, then unacceptable risks may occur and there 
is a need for further evaluation. All HQ and total HI values are presented to one significant digit. 

) 7.1 Aquatic Receptors 

) 

7.1.1 Surface Water 

Because the toxicity of COPCs in surface water to aquatic receptors is dependant on the length of 
exposure time, the HQ is calculated for both short-term (acute) and long-tem1 (chronic) exposure 
conditions: 

HQacute 
C-.mter 

HQchronic 
cwater 

Benchmark acute Benchmark chronic 

The concentration of a contaminant in surface water may be expressed in terms of total recoverable 
metal or dissolved metal with the value of the denominator (benchmark) dependant on the type of 
concentration value selected. 

DissolvedC water 
HQdissolved = ------'=='--­

Benchmark dissolved HQ/otal 
TotalCwater 

Benchmark total 

As discussed previously, the HQ based on the dissolved metal concentration is generally believed to be 
the best indicator of potential risks due to direct contact (e.g., gill respiration in fish), as this concentration 
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represents the amount ofthe metal that is biologically available (USEPA, 1995). However, evaluation of 
risks to receptors based only on dissolved metal levels is not possible as dissolved benchmarks (criteria) 
are not available for all metals and dissolved measurements in surface water are not available for all 
COPCs for each surface water sampling station. 

HQ values are calculated for COPCs in surface water and are presented in Table 7-1. The left-hand side 
of the table presents the total recoverable and dissolved COPC EPCs from each surface water sampling 
station. The corresponding acute and chronic A WQC values are also calculated. For those A WQCs that 
are dependant upon hardness, the average station hardness is used to derive the criteria. If the measured 
station hardness is outside of the specified hardness limits (Table 6-1 ), the applicable hardness limit are 
used to calculate the A WQC. If the station hardness is not available, a hardness of 200 mg/L is assumed. 
The right side of the table presents the resulting HQacute and HQchronic values for dissolved and total 
recoverable COPCs. Where the HQ values exceed lE+OO, the values are in boldface type. 

Figure 7-1 provides a plot of HQ values for all COPCs by surface water station. The lower point of the 
plotted range represents the HQ value calculated using the acute A WQC and the higher point represents 
the HQ value calculated using the chronic A WQC. Acute and chronic A WQC values for zinc are nearly 
equal depending on hardness, therefore a range of HQs is not presented for all stations. 

Each of the following subsections discusses the surface water HQ results for both total recoverable and 
dissolved measurements for each COPC in which an exceedance of either acute or chronic toxicity 

) screening levels (A WQC) occurs. 

) 

• Upstream Silver Creek. Zinc concentrations (both total and dissolved) at all sampling locations 
on Silver Creek upstream of the railroad bridge trestle are above levels associated with acute and 
chronic toxicity for aquatic receptors. At these stations, exceedances of the chronic toxicity 
criteria for total and dissolved cadmium are also observed with total cadmium levels also exceed 
the acute toxicity levels at station 492695. Total lead concentrations are above a chronic level of 
concern at all sampling locations with HQs ranging from 3 to 3,000. At sampling location N4, total 
concentrations of copper and mercury are above levels of acute and chronic toxicity. The 
dissolved concentrations of lead at station N4 are also above a chronic level of concern (HQ of 5) 
with total concentrations above an acute level of toxicity. Immediately upstream of the railroad 
bridge trestle (USC-3), dissolved aluminum concentrations are slightly above chronic toxicity 
levels (HQ of 2). At the furthest upstream location (USC-7), below Silver Maple Claims, total 
aluminum concentrations are also above chronic levels (HQ of 8). 

Downstream Silver Creek. Like the upstream section of Silver Creek, zinc concentrations (both 
total and dissolved) at all but three sampling locations on Silver Creek downstream of the railroad 
bridge trestle are above levels associated with acute and chronic toxicity for aquatic receptors. 
At three locations (RF-SW-06, USC-I and RF-8) total aluminum concentrations are above 
chronic toxicity levels. Total and dissolved concentrations of cadmium are above chronic toxicity 
levels at all sampling locations except station 492679. At most sampling locations, total lead 
concentrations (and often dissolved concentrations) are above a level of chronic toxicity. Total 
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mercury concentrations at station N6 are above acute and chronic toxicity levels (HQs range 
from 90 to 200). 

South Diversion Ditch. At most sampling locations in the south diversion ditch, both total and 
dissolved zinc concentrations are above levels associated with acute and chronic toxicity. Total 
zinc concentrations at RF-4 and RF-5-4 are 10 times greater than chronic toxicity levels. 
Dissolved chromium concentrations are above levels associated with acute toxicity at stations 
USC-4 and RF-6. Total concentrations of chromium are 7 times greater than chronic toxicity 
levels and 4 times greater than acute toxicity levels at USC-4. Total aluminum concentrations 
are above levels associated with chronic toxicity at most sampling locations with dissolved 
aluminum concentrations above a level of chronic toxicity at station RF-2. At RF-6-2, total 
arsenic concentrations exceed acute and chronic toxicity levels. Total lead concentrations slightly 
exceed levels of chronic toxicity (HQs ranging from 2 to 9) at several stations. 

Ponded Water on the Impoundment. The HQs for each COPC are below levels of acute and 
chronic toxicity. However, the total HI is above one for both total and dissolved metals based on 
chronic toxicity criteria and above one for dissolved metals based on acute toxicity criteria. 

Unnamed Drainage flowing into the South Diversion Ditch. At sampling location RF-3-2, all 
total and dissolved COPC concentrations, with the exception of total recoverable aluminum, are 
below levels of acute and chronic toxicity. Total aluminum concentrations are above levels of 
acute and chronic toxicity levels (HQs of 2 and 20, respectively). 

The range of HQ values for aquatic receptors from surface water are summarized below. 

Location AJ As Cd Cr Cu CN Pb Hg Se Ag Zn 

Silver Creek -
<1 to 8 All <1 < 1 to 30 All <1 <1 to 20 All <1 <1 to 300 <1 to 200 <Ito 2 All <1 3 to 400 

upstream 

Silver Creek-
<I to 4 All <I <1 to 20 All <I <Ito 2 All <I <I to 60 <I to 200 <Ito 2 All <I <I to 8 

downstream 

South Diversion 
<1 to 7 <1 to 5 <I to 4 <I to 7 All <I All <I <I to 9 All <I All <I All <I <I to 10 

Ditch 

Ponded Water NA All <I <Ito 2 All <I All <I NA All <I All <I All <I All <I All <I 

Unnamed Drainage <I to 20 All <I All <I All <1 All <I NA All <I All <I All <I All <I All <I 

The concentrations of most COPCs are above levels of chronic and/or acute toxicity in Silver Creek 
upstream of the RFT Site. The headwaters of Silver Creek originate in the mountains south of Park City, 
Utah and include Deer Valley, Empire Canyon, Ontario Canyon, and Thaynes Canyon (Figure 3-6). 
Historically, these headwaters were the site of several mining operations such as the Little Bell and Daly 
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Mines. According to the Utah Division of Water Quality, water quality in the upstream portions of Silver 
Creek is impaired and concentrations exceed the state water quality standards for zinc (RMC, 2000b ). 
During the watershed evaluation completed by EPA (US EPA, 2001 a), surface water samples were 
collected at several locations in each canyon and along Silver Creek (see Figure 3-7). Measured surface 
water concentrations of cadmium, lead and zinc are presented graphically in Figure 7-2. 

As seen in Figure 7-2, the highest concentrations of cadmium, lead and zinc are measured in Empire 
Canyon. Concentrations in Silver Creek tend to decrease with increasing distance downstream with 
increases observed at locations near Silver Maple Claims that receives flow from the Pace-Homer Ditch. 
According to the findings of the watershed evaluation (USEP A, 2001 a), the Silver Maple Claims (Pace­
Homer Ditch) was the largest contributor of zinc for the lower reaches of Silver Creek. Zinc loads from 
the RFT Site south diversion ditch are reported to contribute only 0.03 lbs/day to Silver Creek (USEPA, 
200 l a). 

The following subsections provide further evaluation of the risks for cadmium, lead and zinc in surface 
water for fish and aquatic invertebrates, respectively. 

7 .1.1.1 Screening Evaluation for Fish 

The "typical" concentrations of cadmium, lead and zinc in RFT Site surface waters are compared to 
species specific toxicity reference values (species mean TRVs). Figures 7-3a to 7-3c compare data on 
the available mean and maximum concentrations of dissolved cadmium, lead and zinc observed in Silver 
Creek and RFT Site surface waters to the range of species-mean toxicity values for the fish species that 
either occur in or are similar to species that occur in cold water streams (Table 7-2). The data for the 
south diversion ditch and the unnamed drainage is provided for comparison purposes. It is understood that 
this habitat is semi-permanent and is not expected to support a cold water fishery. 

All of the toxicity values shown in Table 7-2 are derived from the corresponding A WQC Documents 
prepared by EPA ( 1985b-e, 1987, 1996, 2001 b). Because the toxicity of cadmium, lead and zinc depend 
on water hardness, all of the data (both the toxicity values and the concentration values) are normalized to 
a default hardness of 100 mg/L using the following equation: 

where: 
C(100) = C(H) x TRV(100) I TRV(H) 

C( l 00) = normalized concentration 
C(H) = original concentration (hardness =H) 
TRV(lOO) =Acute AWQC (dissolved) at a hardness of 100 mg/L 
TRV(H) =Acute A WQC (dissolved) at hardness= H 

Site-specific data on water hardness are not available for all stations. If the station hardness is not 
available, a hardness of 200 mg/L is assumed. 
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For dissolved cadmium (Figure 7-3a), average concentrations for several locations in Silver Creek and 
maximum cadmium concentrations in the south diversion ditch enter a range of acute toxicity for brook 
trout and rainbow trout. As seen in Figure 7-3b, dissolved lead concentrations do not enter a range of 
acute or chronic toxicity for either brook trout or rainbow trout at any location, even when concentration 
values reach the maximum detected concentrations. For zinc (Figure 7-3c), average concentration values 
at station RF -7 in upstream Silver Creek exceed acute and chronic toxicity values for all fish species. All 
other zinc concentrations are below available species toxicity values. 

7 .1.1.2 Screening Evaluation for Aquatic Invertebrates 

Many benthic macro invertebrates live some or most of their life cycle on or near the surface of the 
sediment substrate, and hence the main source of water exposure is from the overlying surface water 
column (Warren eta!., 1998). Data on the concentration of metals in surface water are presented earlier 
(see Section 3). In accord with EPA recommendations (Prothro, 1993), attention is focused on risks from 
contact with dissolved metals, since dissolved metal measurements are thought to be more predictive of 
risk compared to measurements of total recoverable metals. 

Table 7-3 summarizes available water column toxicity data from the A WQC national database (USEP A, 
1985b-e, 1987, 1996, 2001 b) for benthic species that are expected to occur or are reasonable surrogates 
for other species that are expected to occur in the RFT Site waters. Daphnia are retained because they 
are usually among the most sensitive of aquatic invertebrates to the effects of metals, and therefore can 
serve as a surrogate for other sensitive aquatic macroinvertebrates which may reside in RFT Site surface 
waters, but standard toxicity values are not available. 

Figures 7-4a to 7-4c compare data on the distribution of concentrations of dissolved metals observed in 
RFT Site surface waters to the range of genus-mean toxicity values for aquatic macroinvertebrates 
selected to represent the aquatic macroinvertebrate community. Because cadmium, lead and zinc toxicity 
depends on water hardness, all of the data (both the toxicity values and the concentration values) have 
been normalized to a hardness of 100 mg/L. The hardness-normalization equation is presented previously 
in Section 7 .1.1.1. Site-specific data on water hardness are not available for all stations. If the station 
hardness is not available, a hardness of 200 mg/L is assumed. 

For dissolved cadmium (Figure 7-4a), concentrations approach or exceed chronic toxicity values for 
cladocerans (Daphnia) at several locations in Silver Creek and the south diversion ditch. As seen in 
Figure 7-4b, dissolved lead concentrations do not enter a range of acute or chronic toxicity for any benthic 
macroinvertebrate genus or species evaluated at any location, even when concentration values reach the 
maximum detected concentrations. However for zinc (Figure 7-4c), average concentrations in Silver 
Creek and the south diversion ditch are frequently above levels of chronic toxicity for cladocerans 
(Daphnia). In addition, maximum concentration values in the south diversion ditch (RF-4 and RF-5-4) 
approach or exceed reported acute toxicity levels for Daphnia. These comparisons suggest that these and 
other aquatic invertebrate organisms may be exposed to cadmium and zinc concentrations that could 
impact or limit their populations. 

7.1.2 Sediments 
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Risks for benthic invertebrates from exposures to COPCs in sediment are evaluated using two methods. 
The first is a HQ approach and the second is calculation of site-specific probable effect ratios that predict 
if the mixture of metals in site sediments will be toxic to benthic organisms. 

7.1.2.1 Hazard Quotients 

The risks to benthic invertebrates from exposures to COPCs in sediment are evaluated using an HQ 
approach as follows: 

where: 

csed HQ=--==---
B enchmark sed 

csed 
Benchmarksed 

Concentration of COPC in sediment (mg/kg dry weight) 
Sediment screening benchmark (mg/kg dry weight) 

Table 7-4 presents the maximum concentration of each COPC in sediment, stratified by location, with the 
corresponding range of sediment screening benchmarks (low and high toxicity benchmarks). HQs are 
calculated using both the low and high sediment toxicity benchmarks. The resulting range of HQ values 
are shown on the right-hand side of Table 7-4. In instances where the HQ exceeds 1, the HQ is shown in 
boldface type. 

Figure 7-5 presents a plot ofHQ values for aluminum, arsenic, cadmium, copper, lead, manganese, 
mercury, nickel, silver, and zinc stratified by sediment station. The lower point on the range represents 
the HQ value calculated using the high sediment toxicity benchmark (Table 6-2) and the higher point 
represents the HQ value calculated using the low sediment toxicity benchmark. 

Based on the HQ values, potential risks for benthic invertebrates are predicted for exposures to aluminum, 
antimony, arsenic, cadmium, chromium, copper, lead, manganese, mercury, nickel, silver and zinc in 
sediments. The HQ values for cadmium, lead and zinc tend to follow similar trends across locations. A 
discussion of the HQ values for benthic invertebrates are provided by COPC in the following subsections: 

Upstream Silver Creek. Antimony, arsenic, cadmium, copper, lead, mercury, silver and zinc 
sediment concentrations at all sampling locations along Silver Creek upstream of the railroad 
trestle are above levels associated with sediment toxicity to benthic invertebrates. Antimony, 
arsenic, cadmium, copper, lead, silver and zinc concentrations exceed both the low and high 
sediment toxicity benchmarks at all three upstream sampling locations. Mercury sediment 
concentrations exceed the low toxicity benchmark at all three upstream sampling locations but 
only station USC-6 exceeds the high toxicity benchmark (HQ of 2). Aluminum and chromium 
sediment concentrations are below a level of concern for benthic invertebrates (HQs less than or 
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equal to 1) at all three upstream Silver Creek locations. The highest HQs are for COPCs 
observed at the sampling station below Silver Maple Claims (USC-6). At this station, the risks 
are predicted to range from 9 (mercury) to 1,000 (lead) based on the low toxicity benchmark 
values (TECs), and from 2 (mercury) to 300 (lead) based on the high toxicity benchmark values 
(PECs). 

Downstream Silver Creek. The HQ values for benthic invertebrates from direct contact with 
sediment at Silver Creek san1pling locations downstream of the RFT Site are similar to those at 
upstream locations. At both Silver Creek downstream sampling locations antimony, arsenic, 
cadmium, copper, lead, silver and zinc sediment concentrations are higher than both the low and 
high toxicity benchmarks. At station USC -1, concentrations of mercury are higher than the low 
toxicity benchmark (HQ of 2). Aluminum and chromium concentrations are less than both 
benchmarks (HQs less than or equal to 1 ). 

South Diversion Ditch. Antimony, arsenic, cadmium, lead, silver and zinc sediment 
concentrations at almost all sampling locations in the south diversion ditch are above both the low 
and high toxicity benchmarks. Concentrations of copper exceed both the high and low toxicity 
benchmarks with the exception of locations RF -SD-SD2, -SD3, and -SD6. The concentrations of 
mercury in sediments exceed the low sediment toxicity benchmark at all sampling locations and 
the high benchmark at one location (RF -SD-SD 1 ). Concentrations of aluminum and chromium 
are lower than both benchmarks with the exception aluminum at one station (RF-SD-SD6) where 
the HQ is 2. The highest HQ values are observed for cadmium, lead and zinc with values 
ranging from 20 (cadmium) to 100 (lead and zinc). The HQ ranges for other COPCs are 
generally lower. 

Wetland Area. Antimony, arsenic, cadmium, lead, silver and zinc exceed both the high and low 
toxicity benchmarks at all sampling locations. Concentrations of copper exceed the low toxicity 
benchmark at all locations and the high benchmark at two sampling locations (RF-SE-01 and RF­
SE-03). The concentrations of mercury exceed the low toxicity benchmark at three locations and 
only the high benchmark at one location. Concentrations of manganese exceed the low toxicity 
benchmark at all locations and the high benchmark at all but one location (HQs range from 2 to 
50). Concentrations of nickel exceed the low toxicity benchmark at RF -SE-0 1 and both the low 
and high toxicity benchmarks at RF -SE-04. Concentrations of aluminum and chromium are below 
a level of concern at all sampling locations. 

The range of HQs and the relative frequency of exceedances for benthic invertebrate receptors from 
sediments are summarized in the following table. 
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Location AI Sb As Cd Cr Cu Pb Mn Hg Ni Ag Zn 

Silver Creek -
All <1 2 to 300 2 to 100 5 to 100 All <1 3 to 60 

10 to 
NC <1 to 5 NC 7 to 100 8 to 300 

upstream 800 

Silver Creek-
All <I 5 to 70 7 to 30 8 to 50 All <I 3 to 20 

50 to 
NC <I to 2 NC l 0 to 50 ~0 to 8C 

downstream 200 

South Diversion 
<I to 2 f<I to 50 3 to 20 4 to 70 All <1 f<1 to 10 

20 to 
NC <1 to 9 NC 4 to 30 6 to IOC 

Ditch 100 

South Diversion 
<1 to 2 2 to 50 5 to 30 8 to 90 All <1 f<J to 20 

20 to 
<I to 70 <1 to 40 <I to 4 2 to 50 

10 to 
Ditch- Wetland 200 100 

NC= Not Calculated 

As seen, sediments in upstream Silver Creek (above the RFT Site) tend to have the highest HQ values. 
According to the watershed evaluation (USEP A, 2001 a), sediment concentrations are highest at and 
below Silver Maple Claims and are likely impacted by the tailings piles along the lower portions of Silver 
Creek. Historical releases from the RFT Site south diversion ditch may have also impacted sediments in 
Silver Creek (USEP A, 2001 a). 

7 .1.2.2 Mean Probable Effect Concentration Ratio 

As described earlier in Section 6, MacDonald et al. (2000) found that the mean PEC quotient was 
correlated with incidence of sediment toxicity (r-2 = 0.98). The resulting equation (Y= 10 1.48( 1-0.36'), 
where 'x' equals the mean PEC quotient and 'Y' equals the incidence of toxicity, can be used to estimate 
the probability of observing sediment toxicity at any mean PEC quotient. The mean PEC quotients 
calculated for each sediment sampling location are provided in Table 7-5 and the results are summarized 
in the following text table: 
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Calculation of the Mean PEC Quotient by Sampling Location and the Predicted 
Incidence of Observing Sediment Toxicity (MacDonald et al., 2000) 

Location Station 
Mean Probability of Observing 
PEC Sediment Toxicity 

USC-1 19.8 100% 
Silver Creek Downstream 

USC-2 14.9 100% 

USC-5 21.3 100% 

Silver Creek Upstream USC-6 77.2 100% 

USC-7 6.5 100% 

RF-SD-SDl 10.9 100% 

RF-SD-SD2 7.6 100% 

RF-SD-SD3 6.0 100% 
South Diversion Ditch 

RF-SD-SD4 8.8 100% 

RF-SD-SD5 7.4 100% 

RF-SD-SD6 4.9 100% 

RF-SE-01 17.4 100% 

RF-SE-02 8.8 100% 
Wetland Area 

RF-SE-03 13.2 100% 

RF-SE-04 6.7 100% 

The mean PEC ratio equals the average of the individual COPC specific ratios of the concentration of the 
COPC in sediment to the corresponding PEC value using only the PEC values that were found to be 
reliable. The mean PEC quotients for all sampling locations predict that samples are toxic to benthic 
invertebrates. 

7.1.3 Seep Water 

Potential risks for aquatic receptors from exposure to COPCs in seep water are characterized by use of 
the HQ approach. The HQ is defined as the ratio of the concentration of a COPC to the appropriate 
benchmark value: 

c HQ= seep 

Benchmark seep 

where: 

SERA for Richardson Flat Tailings 7-9 February 2002 



) 

) 

cseep 
Benchmarkseep 

DRAFT 

Dissolved or Total Concentration of COPC in seep water (ug/L) 
A WQC screening benchmark for Total or Dissolved Concentrations 
(ug/L) 

HQ values for aquatic receptors are calculated for COPCs in seep water (as estimated from 
groundwater) and are presented in Table 7-6. The left-hand side of the table presents the maximum total 
recoverable and dissolved COPC concentrations from each groundwater monitoring well. The 
corresponding acute and chronic A WQC values are also presented. Where the HQ values exceed 
IE+OO, the values are in boldface type. Calculated HQs for total and dissolved COPCs are shown 
graphically in Figure 7-6. If the value of the HQ exceeds one, then potential risks may occur and there is 
a need for further evaluation. 

A summary of the seep water HQ results for each COPC in which an A WQC exceedance occurred is 
provided below. 

Location AI As Cd Cr Cu CN Pb Hg Se Ag 

Seep Water@ 

Zn 

<1 to 
Main <1 to 900 <1 to 2 <1 to 90 <1 to 9 <1 to 90 

2,000 
<1 to 30 <I to 3 <I to 3 All <1 <1 to 10 

Embankment 
Background 

<1 to 200 All <I <1 to 8 <1 to 2 <1 to 10 All <1 <I to 100 All <1 All <I All <I 
Groundwater 

The ranges of HQ values exceed one for all COPCs, with the exception of silver, at all monitoring wells 
located at the base of the main embankment. Total concentrations have consistently higher HQ values 
than those predicted for dissolved. Concentrations of cyanide along with lead and mercury are found to 
be the most common contributors to risks. 

7.2 Amphibians 

The diversity, density, and the reproductive success (i.e. embryonic mortality) of amphibians are shown 
to be sensitive indicators of environmental stress. If amphibians are found to encounter reproductive 
failure compared to reference wetlands, amphibian reproductive success and diversity, and subsequently 
structure and function as a whole would be determined to be at risk. 

The basic equation used for calculation of an HQ value for the direct contact exposure of amphibians to 
COPCs in aqueous media is: 

where: 

Concwater 
HQamphib::: ---­

TBamphihian 
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Total Recoverable concentration ofCOPC in water (ug/L) 
Toxicity benchmark (ug/L) for exposure of amphibians to COPCs in aqueous 
media 

HQ values are calculated using the amphibian toxicity benchmark TRY for each COPC. If all HQ 
values are found to be below one, it would then be concluded that hazard to amphibians from exposure to 
COPCs in water is low. Conversely, if a majority ofHQ values based on the benchmark TRY are found 
to be substantially higher than one, it should be concluded that toxicity to amphibians from exposure to 
COPCs in water is likely. 

7.2.1 Surface Water 

HQ values for the exposure of amphibians via surface water are calculated for each COPC and are 
presented in Table 7-7. The left-hand side ofthe table presents the maximum total recoverable COPC 
concentrations from each surface water sampling station. If total concentrations are not available, the 
dissolved concentrations are used to calculate HQs. The corresponding amphibian toxicity benchmark 
screening values are also presented. Where the HQ values exceed IE+OO, the values are in boldface 
type. A summary of the total HI at each sampling station and the contribution of each COPC HQ to the 
total HI is presented in Figure 7-7. 

A summary of the surface water HQ results for each COPC in which an exceedance of the amphibian 
) toxicity screening benchmark occurs is provided in the following paragraphs. 

_) 

Upstream Silver Creek. Zinc and copper concentrations at all sampling locations and lead 
concentrations at all but one sampling location are above levels associated with toxicity to 
amphibians. Copper HQs typically are less than 5 times greater than the toxicity value. Slight 
exceedances of the cadmium and arsenic toxicity benchmarks are observed at several sampling 
locations with maximum HQs of 3 and 5, respectively. Cyanide concentrations at sampling 
location RF-7-2 and N4 are also above the toxicity value, with HQs of 8 and 200, respectively. 
Mercury concentrations at these stations and at station RF -7 exceed of the toxicity value as well. 
Selenium and silver concentrations are below respective toxicity values at all stations. 

Downstream Silver Creek. The HQ values and frequency of exceedances of amphibian toxicity 
values at locations in Silver Creek downstream of the south diversion ditch confluence are similar 
to those observed upstream. Like upstream Silver Creek, zinc and lead concentrations at all but 
one sampling location are above respective toxicity values. Arsenic and copper HQs are greater 
than 1 at all but one location, with maximum HQs of 8 and 3, respectively. At station RF-8, 
cadmium concentrations are slightly above the toxicity value (HQ of 2). Cyanide is measured at 
only three sampling locations, but concentrations are above the toxicity value at all locations with 
a maximum HQ of20. Calculated HQs for mercury at most locations are below l, however, 
HQs are greater than 1 at N6, RF-8, and RF-8-2. Similar to upstream Silver Creek, selenium and 
silver concentrations are below toxicity values at all stations. 
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South Diversion Ditch. Total zinc concentrations at every sampling location in the south 
diversion ditch are above toxicity levels. Zinc concentrations at RF-4 and RF-5-4 exceed the 
toxicity value by 3,000 times. At most sampling locations, total arsenic concentrations (HQs 
ranging from <1 to 200), total copper concentrations (HQs ranging from <1 to 5) and total 
mercury concentrations (HQs ranging from <1 to 3) exceed respective toxicity values. 
Concentrations of lead at several locations in the south diversion ditch are also above the toxicity 
value with a maximum HQ of 10. Total cyanide is available for only one location. At this 
location concentrations are 8 times greater than the toxicity value. Cadmium, selenium and silver 
concentrations are below a level of concern at all sampling locations. 

Ponded Water on the Impoundment. At sampling location RF-9, measured concentrations of 
arsenic and mercury are slightly above respective toxicity values (HQs of 3). Zinc concentrations 
are also above the toxicity value (HQ of 10). All other COPC concentrations are below levels of 
concern for amphibians. 

Unnamed Drainage flowing into the South Diversion Ditch. At sampling location RF-3-2, 
concentrations of arsenic, copper, and mercury are slightly above respective toxicity values (HQs 
ranging from 2 to 5). Total zinc concentrations are above the toxicity value with an HQ of 100. 
Concentrations of all other COPCs are below a level of concern for amphibians. 

The range of HQs for amphibians from surface water are summarized below. 

Location As Cd Cu CN Pb Hg Se Ag Zn 

Silver Creek- upstream <I to 5 <I to 3 2 to I 00 <I to 30 <I to 400 <I to 1000 All <I All <I 
800 to 

100.000 

Silver Creek-
<I to 8 <I to 2 <I to 10 <1 to 20 <I to 90 f::l to 1000 All <I All <I 

200 to 
downstream 2,000 

Site Ponded Water 3 <I <I NC <I 3 <I <I 10 

South Diversion Ditch <I to 200 All <I <I to 5 <I to 8 <I to 10 <I to 3 All <I All <I 
90 to 
3,000 

Unnamed Drainage 3 <I 56 NC <1 2 <I <I 100 

The HQ values indicate that potential risks for amphibians associated with exposures to arsenic, copper, 
lead, mercury and zinc in the surface waters of Silver Creek both upstream and downstream of the RFT 
Site, the South Diversion Ditch, site ponded water and the Unnamed Drainage on the RFT Site. Adverse 
effects associated with lead, mercury, and zinc (as shown by the size of the ratio and frequency of 
exceedances) are predicted to be the most severe and frequent. 

Figures 7-8a to 7-8e compare data on the distribution (mean and maximum) of typical concentrations of 
total recoverable concentrations of arsenic, copper, lead, mercury and zinc observed in Silver Creek and 
in RFT Site surface waters to the range of species toxicity values for amphibians. The toxicity values 
shown are derived from A WQC Documents (USEP A 1985b-e, 1987, 1996, 2001 b) and are presented in 
Table 7-8. As seen in Figure 7-8a, arsenic concentrations in Silver Creek and in RFT Site waters are all 
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below available toxicity values for amphibians. Copper concentrations (Figure 7 -8b ), with the exception 
of station N4, are also all below toxicity levels for available amphibian species. In Figure 7-8c, maximum 
lead concentrations at stations RF-7-2 in upstream Silver Creek, USC-1 and USC-2 in downstream Silver 
Creek, and RF-6 and N5 in the south diversion ditch are all above the EC50 for the marrow mouthed 
toad. Stations N4 and N6 are greater than toxicity values for the leopard frog and marbled salamander, 
but these concentrations appear to be anomalous in comparison with other measured lead concentrations. 
Maximum total mercury concentrations (Figure 7 -8d) at station RF -7-2 in upstream Silver Creek, station 
RF-8 in downstream Silver Creek, and RF-4 in the south diversion ditch are above a level of concern for 
the African clawed frog. Mercury concentrations at stations N4 and N6 are several orders of magnitude 
above typical concentrations in other surface water, the reason for this discrepancy is not known at this 
time. Zinc concentrations (Figure 7-8e) at most locations are above the EC50 for the narrow-mouthed 
toad, but are below a level of concern for the African clawed toad and the marbled salamander with the 
exception of station RF-7. 

7.2.2 Seep Water 

HQ values for amphibians are calculated for COPCs in seep water (as estimated from groundwater) and 
are presented in Table 7-9. The left-hand side of the table presents the maximum total recoverable 
COPC concentrations from each groundwater monitoring well. If total concentrations are not available, 
the dissolved concentrations are used to calculate HQs. The corresponding amphibian toxicity 
benchmark screening values are also presented. Where the HQ values exceed lE+DO, the values are in 

) boldface type. 

A summary of the seep water HQ results for each COPC in which an toxicity benchmark exceedance 
occurred is provided below. A summary of the total HI at each monitoring well and the contribution of 
each COPC HQ to the total HI is presented in Figure 7-9. 

Location As Cd Cu CN Pb Hg Se Zn 

Seep Water@ Main 
20to90 4 to 10 3 to 400 ~0 to 50,00( 20 to 30 3 to 22 2 70 to 3,00! 

Embankment 

Background 
<1 <1 8 20 200 2 <1 100 

Groundwater 

Inspection of these HQ values shows exceedances of the toxicity values for amphibians to a greater 
extent for seep waters at the base of the main embankment compared to background waters for almost 
all COPCs. The highest HQ values are observed for cyanide and zinc, however, seep water 
concentrations of arsenic, cadmium, copper, lead and mercury also exceed respective amphibian toxicity 
values indicating potential risk associated with these COPCs. 
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7.3 Plants 

7.3.1 Soil 

The basic equation used for calculation of an HQ value for exposure of plants to COPCs in soils is: 

where: 

Concsoil 
TBplant 

Concsoil 
HQptant= --­

TBpta1ll 

Concentration of metal in soil (mg/kg) 
Phytotoxicity benchmark value (mg/kg) for COPC (Table 6-4) 

As discussed previously, HQ values for plants are calculated based on total recoverable COPC 
concentrations in soil samples from each sampling location. HQ values are calculated based on the low 
and the high phytotoxicity value (from Table 6-4) for each COPC. These results are presented in 
Appendix F. If all HQ values based on the low phytotoxicity benchmark are below one, it is concluded 
that risks for plants associated with direct contact to COPCs in surface soils are not expected. 
Conversely, if the majority of HQ values based on the high benchmark are substantially higher than one, it 
is concluded that phytotoxicity is likely. 

The HQ results (Appendix F) are summarized graphically in Figure 7-10 by soil type (background, on­
impoundment, off-impoundment and tailings). For each COPC, HQs calculated using the low and high 
phytotoxicity benchmarks (Table 6-4) are presented in the upper and lower panels, respectively. The HQ 
ranges presented for each general soil type represent the minimum and maximum calculated HQs; the 
average HQ is also presented. The following table summarizes the HQ values for plants from exposure 
to COPCs in soil. 

Location AI Sb As Ba Cd Cr Cu Pb Hg Se Ag Zn 

Background 
NA NA all <I all <I all <I 20 all <I <I to 2 all <I 3 <I 2 to 3 

Soils 

Off-
Impoundment NA NA <I to 30 all <I <I to 7 20 to 30 all <I <I to 100 all <I 3 <I 2 to 30 

Soils 

On-
400 to 

Impoundment 
500 

<1 to 2 <1 to 10 all <1 <1 to 2 20 to 40 all <1 <1 to 60 all <1 3 <I <1 to 20 
Cover Soils 

Site 40 to 
9 to 50 <I to 30 NA <I to 10 9 to 30 <1 to 7 2 to 200 all <I 3 to 10 6 to 30 60 to 200 

Tailings 300 

NA = Not Analyzed 
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Background Soils. The concentrations of most COPCs in background soils are below the low 
toxicity benchmark for plants. These HQs indicate that phytotoxicity is not likely to occur as a result 
of direct contact with these COPCs in soil. HQ values for chromium, lead, selenium and zinc are 
all slightly above one, but are lower than HQ values observed for either on-impoundment or off­
impoundment soils. 

Off-Impoundment Soils. The average concentrations of arsenic, chromium, lead, selenium and 
zinc in off-impoundment soils are above the phytotoxicity benchmarks (HQs ranging from 2 to 100). 
These HQs indicate that phytotoxicity is likely to occur as a result of direct contact with these 
COPCs in soil. HQs for barium, copper, mercury and silver are all below one. Cadmium HQs 
based on maximum concentrations are slightly above one for off-impoundment soils using the low 
phytotoxicity benchmark. 

On-Impoundment Soils. Aluminum and chromium HQs for all on-impoundment soils are above a 
both the low and high phytotoxicity benchmarks (maximum HQ of 500 for aluminum). These HQs 
indicate that phytotoxicity is likely to occur as a result of direct contact with these COPCs in soil. 
HQ values for barium, copper, mercury and silver are all below one. HQ values based on the low 
phytotoxicity benchmark for antimony, arsenic, cadmium are slightly above one, while maximum 
HQ values for lead and zinc range from 20 to 60. 

Tailings. HQ values for all COPCs except mercury are above the low phytotoxicity benchmarks. 
The highest HQs are for lead and zinc (HQs of 200 compared to the low phytotoxicity 
benchmarks). These HQ values indicate that phytotoxicity is probable if direct contact for plants 
were to occur with tailings material. The extent of existing soil cover (both depth and extent) as 
well as the root zone depth of existing vegetation cover is key to understanding if these exposures 
are possible. 

Figure 7-11 presents the contribution of each COPC HQ to the total HI for each general location 
(background, off-impoundment and off-impoundment). The COPCs which contribute most to the HI are 
aluminum, lead and zinc. The HQ values depicted in the figure are based on the average soil concentrations 
of each COPC across available depths at a sampling location. 

7.3.2 Seep Water 

The basic equation used for calculation of an HQ value for exposure of plants to COPCs in seep water is: 

where: 

Concsoil 
TBplam 

Concsoil 
HQptallt = --­

TBptanJ 

Concentration of metal in soil (ug/L) 
Phytotoxicity Benchmark Value (ug/L) for COPC (Table 6-5) 

SERA for Richardson Flat Tailings 7- 15 February 2002 



) 

\ 

J 

DR<\FT 

HQ values for plants are calculated for COPCs in seep water (as estimated from groundwater) and are 
presented in Table 7-10. The left-hand side of the table presents the total recoverable and dissolved COPC 
EPCs from each groundwater monitoring well. The corresponding phytotoxicity screening benchmark for 
solution exposures for each COPC is also presented. Where the HQ values exceed one, the values are in 
boldface type. If the HQ exceeds one, then potential risks may occur and there is a need for further 
evaluation. The calculated HQs for plants from direct contact with seep water are summarized below. 

Location Aluminum Arsenic Chromium Copper Lead Manganese Zinc 

Seep Water@ Main 
20 to 300 80 to 300 <1 to 2 <1 to 30 4 to 7 <1 to 4 <1 to 7 

Embankment 

Background 
50 4 all <1 all <1 30 all <1 all <1 

Groundwater 

Figure 7-12 presents the contribution of each COPC to the total HI at each groundwater monitoring well. 
The primary contributors to risk at the base of the main embankment are aluminum, arsenic, copper and 
lead (maximum HQs of 300). Concentrations of these COPCs in up gradient (background) wells are also 
above the phytoxicity benchmarks. Concentrations of beryllium, cadmium, cobalt, mercury and selenium at 
all locations are all below a level of concern (HQs < 1 ). For upgradient (background) groundwater, 
concentrations of chromium, copper, manganese and zinc are below respective phytotoxicity benchmarks. 

These HQ values indicate that risks for terrestrial plants associated with direct contact with aluminum, 
arsenic, copper and lead in seep water are possible. These HQ calculations are screening level estimates 
based on estimates of seep water concentrations of each COPC from available groundwater monitoring 
well data. Conclusions may change in the baseline risk assessment as more information on the extent of 
contamination of seeps becomes available. 

7.4 Soil Fauna 

The basic equation used for calculation of an HQ value for exposure of soil fauna to COPCs in soils is: 

where: 

Concsoil 
HQsoilji:uma = ---­

TB soilfauna 

Concsoil 
TBsoil fauna 

Concentration of COPC in soil (mg/kg) 
Toxicity benchmark (mg/kg) for COPC for soil fauna 

HQ values are calculated based on the low and high toxicity benchmark for each COPC (Table 6-6). 
These results are presented in Appendix G for each soil sampling location for each COPC. If all HQ values 
are below one based on the low toxicity benchmark, it is concluded that risks to soil fauna associated with 
direct contact to COPCs in surface soils are not expected. Conversely, if the majority of HQ values based 
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on the high benchmark are higher than one, it is concluded that adverse effects to soil fauna toxicity are 
likely. 

The HQ results are summarized graphically in Figure 7-13 by soil type (background, on-impoundment, off­
impoundment and tailings). For each COPC, HQs calculated using the low and high toxicity benchmarks 
(Table 6-6) are presented in the upper and lower panels, respectively. The HQ ranges presented for each 
general soil type represent the minimum and maximum calculated HQs; the average HQ is also presented. 
The following table summarizes the HQ values for soil fauna from exposure to COPCs in soil. 

Location AI As Ba Cd Cr Cu Pb Hg Se Ag Zn 

Background Soils NA all <1 all <1 all <1 <1 to 60 all <1 all <1 <1 to 2 all <1 all <1 all <1 

Off-Impoundment 
NA <1 to 10 all <1 <1 to 20 <1 to 80 <1 to 2 <I to 40 <1 to 30 all <1 all <1 <l to 10 

Soils 

On-Impoundment 
30 to 40 <1 to 6 all <1 <1 to 4 <1 to 90 <1 to 2 <1 to 20 <1 to 10 all <1 all <1 <1 to 10 

Soils 

Site 
3 to 30 <1 to 20 NA <1 to 40 <1 to 80 <l to 20 2 to 80 <1 to 200 <l to 6 all <I 5 to 90 

Tailings 

NA = Not Analyzed 

• Background Soils. The concentrations of most COPCs in background soils are below 
respective low toxicity benchmarks for soil fauna. These HQs indicate that adverse effects 
to soil fauna is not likely to occur as a result of direct contact with these COPCs in soil. 
The HQ values for chromium and mercury are slightly above one, but are lower than HQ 
values for the Off and On-Impoundment Soils. 

Off-Impoundment Soils. The average concentrations of arsenic, cadmium, chromium, 
lead, mercury and zinc in off-impoundment soils are above the low toxicity benchmarks 
(HQs ranging from 2 to 60). These HQ values indicate that adverse effects to soil fauna is 
likely to occur as a result of direct contact with these COPCs in soil. HQ values for barium, 
selenium and silver are all below one. Copper HQs based on maximum concentrations are 
slightly above one (HQ of 2). 

On-Impoundment Soils. Aluminum HQ values for on-impoundment soils are above a 
level of concern (maximum HQ of 40). These HQ values indicate that adverse effects to 
soil fauna is likely to occur as a result of direct contact with aluminum in soil. HQ values for 
barium, selenium and silver are all below one. Maximum HQs based on the low toxicity 
benchmark exceed one for arsenic, cadmium, chromium, copper, lead, mercury and zinc. 

Tailings. All measured concentrations of aluminum, copper, lead and zinc in tailings are 
above toxicity benchmarks for soil fauna. Average HQ values for arsenic, cadmium, 
chromium, mercury and selenium exceed respective low toxicity benchmarks. The highest 
HQs are observed for mercury (maximum HQ of200 compared to the low benchmark). 
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These HQ values indicate that adverse effects to soil fauna is likely if these receptors are 
exposed to the tailings material under the current soils cover. 

Figure 7-14 presents the contribution of each COPC HQ to the total HI for each general soil location 
(background, off-impoundment, and on-impoundment). The COPCs which contribute most to the HI are 
aluminum, chromium, lead, mercury and zinc, but other COPCs also contribute to risks. The HQ values in 
the figure are based on average soil concentrations of each COPC across available depths. 

7.5 Wildlife Receptors 

7.5.1 Surlace Water 

Potential risks for wildlife receptors from exposure to COPCs in surface water are characterized by use of 
the HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRY (Table 6-8): 

where: 

Dosesw HQSW = __ ___::.:.:_ 
TRVwate,. 

Dose"v = Average Daily Dose of COPC via ingestion of surface water (mg/kg BW/day) 
TRY water= Toxicity reference value for ingestion of water (mg/kg BW /day) 

The basic approach used for estimating exposure and risk for wildlife receptors is to estimate the dose and 
the HQ for each COPC separately, and then to add HQs across all COPCs to derive a hazard index (HI). 
If the HI is less than or equal to one, no unacceptable risks to the exposed wildlife receptor is assumed. If 
the value of the HI exceeds one, then potential risks may occur and there is a need for further evaluation. 

HI values are presented using both NOAEL and LOAEL TRYs (described in Section 6.5). All HI values 
are represented to one significant digit. HI values are calculated for each receptor for each exposure area 
(upstream Silver Creek, downstream Silver Creek, south diversion ditch, ponded water and unnamed 
drainage) and are summarized in the following text table. The detailed HQsw values calculated for each 
COPC are provided in Appendix E for each wildlife receptor. 
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Hazard Indices for Surface Water Ingestion 

Receptor 
Silver Creek Silver Creek South Diversion Ponded Unnamed 

Upstream Downstream Ditch Water Drainages 

Cliff Swallow all< I all< I all< I all< I all< I 

Greater-Sage Grouse < 1 to 2 all< I all< I all< I all< I 

Mallard Duck all< I all< I all< I all< I all< I 

Belted Kingfisher all< I all< I all< l all< I all< I 

American Robin all< I all< I all< I all< I all< I 

American Kestrel all< I all< I all< I all< I all< I 

Red Fox all< I all< I all< I all< I all< I 

Masked Shrew < 1 to 4 all< I all< I all< I all< I 

Mink all< I all< I all< l all< I all< l 

Deer Mouse all< I all< I all< I all< l all< l 

As seen, HI values for almost all wildlife receptors are less than one for each exposure area. The HQ 
values indicate that risks for wildlife related to ingestion of COPCs in surface water are unlikely. The 
exception is for the greater-sage grouse and the masked shrew at upstream locations on Silver Creek with 
His ranging from <1 to 2 and <1 to 4, respectively. A review of the detailed HQ values presented in 
Appendix E shows that the majority of the risk observed in the upstream Silver Creek areas is attributable to 
total concentrations of lead in the surface water. 

7 .5.2 Sediment 

Potential risks for wildlife receptors from exposure to COPCs in sediment are characterized by use of the 
HQ approach. The HQ is defined as the ratio of the dose associated with ingestion of sediments to the 
appropriate dietary TRY (Table 6-8): 

where: 

HQ = Dosesed 
sed 

TRVdiet 

Doses.,ct = Average Daily Dose of COPC via incidental ingestion of sediment (mg/kg 
BW/day) 

TRVctiet = Toxicity reference value for dietary exposure (mg/kg BW/day) 
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HI values are presented in the following text table as a range using both NOAEL and LOAEL TRVs 
(Table 6-8). HQs are calculated for each COPC for each exposure area (upstream Silver Creek, 
downstream Silver Creek, south diversion ditch and wetlands area). The detailed HQ,ect values calculated 
for each COPC are provided in Appendix E. 

Hazard Indices for Sediment Ingestion 
Receptor 

Silver Creek Silver Creek South Diversion Wetlands 
Upstream Downstream Ditch Area 

Belted Kingfisher 40 to 80 10 to 20 3 to 10 8 to 20 

Mallard Duck 40 to 80 10 to 20 3 to 10 8 to 20 

Mink 50 to I 00 10 to 30 5 to 20 10 to 30 

HI values for each receptor exceed one for all exposure areas. Based on relative HI values, the greatest 
risks are predicted for receptors at upstream locations on Silver Creek. A review of the detailed HQ values 
presented in Appendix E reveals which COPCs are contributing to the majority of the predicted risk within 
each exposure area. Figure 7-15 presents the contribution of each COPC to the total HI for sediment 
ingestion for each wildlife species. 

For the belted kingfisher and mallard exposed to COPCs by ingestion in upstream Silver Creek., aluminum, 
arsenic, cadmium, lead and zinc contribute most to the total HI (Figure 7 -15). Most of the total HI is 
attributable to lead (HQs range from 30 to 70). Aluminum, antimony, arsenic and lead HQs are all greater 
than one for the mink. Almost all of the total HI for mink is attributable to antimony (HQs range from 20 to 
60) and lead (HQs range from 30 to 60). 

For downstream Silver Creek, the South Diversion Ditch and the Wetlands Area the HQ values for most 
COPCs, with the exception of aluminum and lead, are less than one for the belted kingfisher and the 
mallard. For the mink, aluminum, antimony and lead HQ values are greater than one. All other COPC 
HQs are less than one. For mink, HQ values for thallium in the wetland area greater than one. In general, 
the HI values are highest for the wetland area followed by downstream Silver Creek and the South 
Diversion Ditch. 

7.5.3 Seeps 

Potential risks for wildlife receptors from exposure to COPCs in seep water are characterized by use of the 
HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRY (Table 6-8): 

where: 

Dose seep 
HQ - -----'-

seep - rr'RV . 
1 • dtet 

SERA for Richardson Flat Tailings 7- 20 February 2002 



) 

) 

Doseseep = 

TRYctiet = 

Average Daily Dose of COPC via ingestion of seep water (mg/kg BW /day) 
Toxicity reference value for water exposure (mg/kg BW/day) 
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For the purposes of the SERA, it is conservatively assumed that 100% of the drinking water for each 
representative species comes from seeps. 

HI values are presented in the following text table as a range using both NOAEL and LOAEL TRYs 
(Table 6-8). HI values are calculated for each representative species for each exposure area (upgradient 
wells and wells below main embankment). The detailed HQseep values calculated for each COPC for each 
representative species are provided in Appendix E. A summary of the results is provided in the following 
text table. 

Hazard Indices for Seep Water Ingestion 
Receptor 

Upgradient Monitoring Wells Monitoring Wells below 
Main Embankment 

Cliff Swallow all< I all< I 

Greater-Sage Grouse all< I all< I 

Mallard Duck all< I all< I 

Belted Kingfisher all< I all< I 

American Robin all< I all< I 

American Kestrel all< 1 all< 1 

Red Fox all< I all< I 

Masked Shrew <I to 3 all< I 

Mink all< I all< I 

Deer Mouse all< I all< I 

HQs based on the NOAEL and the LOAEL TRY for almost all representative wildlife species are less than 
one for the ingestion of seep water. The exception is the masked shrew, for which lead HQ values for 
upgradient groundwater are greater than one (based on the NOAEL TRY) (Figure 7-16). The lead HQ 
based on the NOAEL TRY for the masked shrew is 3. 

7.5.4 Soil 

Potential risks for wildlife receptors from exposure to COPCs in soils are characterized by use of the HQ 
approach. The HQ is defined as the ratio of the dose to the appropriate TRY (Table 6-8): 
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The HI values for each representative wildlife species for each exposure area are summarized in the 
following text table using both NOAEL and LOAEL TRVs (Table 6-8). The detailed HQsoil values 
calculated for each COPC are provided in Appendix E for each representative wildlife species. 

Hazard Indices for Soil Ingestion 

Receptor 
Background Off- On- Site Tailings 

Soils Impoundment Impoundment 

Soils Soils 

American Robin 2 to 5 10 to 30 20 to 60 70 to 200 

American Kestrel all< I <I to 2 <I to4 5 to 10 

Greater-Sage Grouse all< I all< I all< I <I to 3 

Red Fox all< I <I to 2 2 to 10 8 to 20 

Masked Shrew 20 to 70 20 to 60 400 to 2,000 3,000 to 8,000 

Deer Mice all< I 3 to 8 8 to 30 30 to 90 

Based on relative HI values, the risks predicted for the masked shrew are the highest observed for any of 
the representative wildlife species with HI values greater than of one for all exposure areas. The highest 
risks are predicted for ingestion of tailings with HI values as low as <1 to 3 for the greater sage grouse to a 
8,000 for the masked shrew. Risks for exposure to On-impoundment soils is higher than Off-Impoundment 
soils. The lowest overall risks are predicted for representative wildlife species exposed to soils at areas 
identified as background. 

A review of the detailed HQ values presented in Appendix E reveals which COPCs are contributing to the 
predicted risk for each exposure area. Figure 7-17 provides a summary of the contribution ofCOPCs to the 
HI for each representative wildlife species for each exposure area. These results are discussed in the 
following paragraphs. 

• Background Soils. HQs and total His for the American kestrel, red fox, deer mouse, and greater­
sage grouse are all less than one. For the American robin, chromium concentrations are slightly 
above the selected NOAEL TRY (HQ of 2). Calculated HQs for arsenic, barium, and lead are all 
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greater than one for the masked shrew, with the highest HQ values observed for lead (HQ range 
from 20 to 50). 

Off-Impoundment Soils. Similar to background soils, HQs and total His for the American kestrel, 
the red fox, and the greater-sage grouse are all less than one. HQs for the American robin are 
greater than one for barium, cadmium, lead, and zinc (maximum HQ of 1 0). HQs for the masked 
shrew are greater than 1 for arsenic, barium, cadmium, lead, and zinc. Lead concentrations 
contributed the most to the total HI. For the deer mouse, only lead HQs (range of 2 to 6) are 
greater than one. In general, HI values for all representative wildlife species are higher for Off­
Impoundment soils compared to background. 

On-Impoundment Soils. Total His for on-impoundment soils are greater than one for all 
representative wildlife species except the greater-sage grouse. Aluminum, chromium, and lead 
HQs contributed most to the total HI. In addition to these COPCs, antimony, arsenic, barium and 
zinc also contribute significantly to the total HI for the masked shrew. In general, HI values for all 
representative wildlife species are higher for On-Impoundment soils compared to off-impoundment 
soils. 

Tailings. The total HI values for all representative wildlife species are greater than one. HQ 
values for lead and antimony contributed the most to the total HI for most species. However, HQs 
for other COPCs such as aluminum, arsenic, cadmium, chromium, copper, mercury, selenium and 
zinc also contribute to risks for the American robin and masked shrew. In general, HI values for all 
representative wildlife species are higher for tailings compared to on-impoundment soils. 

HI values greater than one for at least one species within all exposure areas indicate that risks for wildlife 
related to incidental ingestion of soils is likely. The COPCs which contribute most to excess risks are 
aluminum, antimony and lead; however, other COPCs are also of concern for the American robin and 
masked shrew. 

7.5.5 Food Chain 

Potential risks for wildlife receptors from exposure to COPCs in food chain items are characterized by use 
of the HQ approach. The HQ is defined as the ratio of the dose to the appropriate TRY (Table 6-8): 

where: 

Dosectiel = 

TRVJiel = 

Dose diet 
HQdiet = TRV. 

d1et 

Average Daily Dose ofCOPC via ingestion of food (mg/kg BW/day) 
Toxicity reference value for dietary exposure (mg/kg BW/day) 
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The HI values for each representative wildlife species (the mallard duck) consuming benthic invertebrates 
for each exposure area are presented as a range in the following text table using both NOAEL and LOAEL 
TRVs (Table 6-8). The detailed HQdiet values calculated for each COPC are provided in Appendix E. 

Hazard Indices for Benthic Invertebrate Ingestion 
Receptor 

Silver Creek - Silver Creek- Wetlands South 
upstream downstream Area Diversion Ditch 

Mallard Duck I ,000 to 6,000 400 to 2,000 200 to 2,000 400 to 3,000 

The HI values for the mallard are greater than one within all exposure areas with the highest risks predicted 
for upstream Silver Creek. It is important to note that benthic tissue concentrations are estimated using 
sediment EPC values and BSAFs (Section 5.3.5.1 ). Actual tissue concentrations of metals in benthic 
invertebrates are expected to be lower. For the mallard, HQ values for most COPCs are greater than one 

'\ based on both NOAEL and LOAEL TRVs. Cadmium, copper, lead and zinc appear contribute to the 
) majority of the predicted risk (Figure 7-18). 

) 

7.5.5.2 Fish 

The HI values for each representative wildlife species (the belted kingfisher and mink) consuming fish for 
each exposure area are presented as a range in the following text table using both NOAEL and LOAEL 
TRVs (Table 6-8). The detailed HQJiet values calculated for each COPC are provided in Appendix E. 

Hazard Indices for Fish Ingestion 
Receptor 

Silver Creek - Silver Creek - Wetlands South 
upstream downstream Area Diversion Ditch 

Belted Kingfisher I 0,000 to 30,000 4,000 to 8,000 I ,000 to 4,000 3,000 to 8,000 

Mink 20,000 to 50,000 5,000 to 10,000 2,000 to 6,000 4,000 to 10,000 

The HI values for the belted kingfisher and mink are greater than one within all exposure areas with the 
highest risks predicted for upstream Silver Creek. Aluminum, arsenic, lead and zinc appear to be 
contributing to the majority of the predicted risk.. Similarly for the mink, HQ values for most COPCs are 
greater than one, with antimony and lead (maximum HQs of 8,000 and 10,000), contributing most to the total 
HI (Figure 7-19). It is important to note that fish tissue concentrations are estimated using sediment EPC 
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values and BSAFs (Section 5.3.5.1 ). Actual tissue concentrations of metals in fish are expected to be 
lower. 

7.5.5.3 Plants 

The HI values for each representative wildlife species (deer mouse and Greater-sage grouse) consuming 
terrestrial plants for each exposure area (background soils, off-impoundment soils, on-impoundment soils are 
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The 
detailed HQctier values calculated for each COPC are provided in Appendix E. 

Hazard Indices for Plant Ingestion 
Receptor 

Background Off- On- Tailings 
Soils Impoundment Impoundment 

Soils Soils 

Deer Mouse <I to 3 3 to 6 2 to 5 20 to 40 

Greater-Sage Grouse all< I <I to 2 all< I 3 to 9 

The HI values for the deer mouse are greater than one within all exposure areas with the highest risks 
predicted for exposure to plants growing on tailings followed by off-impoundment and on-impoundment 

'\ soils. Risks to the Greater-sage grouse are predicted to be lower than those for the deer mouse. Within 
) the background and on-impoundment soils exposure areas, all HI values are less than one. Within the off­

impoundment and tailings exposure areas the HI values are greater than 1 but no individual HQ value is 
greater than one. 

) 

For both off-impoundment and on-impoundment soils, lead concentrations in plants are the primary risk 
drivers (Figure 7-20). For tailings, cadmium, lead, selenium and zinc concentrations in plants are the risk 
drivers. In interpreting the HI values, It is important to note that plant tissue concentrations are estimated 
using soil EPC values and bioaccumulation factors or models (Section 5.3.5.2). Actual tissue concentrations 
of metals in plants may be lower or higher. 

7.5.5.4 Earthworms 

The HI values for each representative wildlife species (American Robin and Masked Shrew) consuming 
earthworms for each exposure area (background soils, off-impoundment soils, on-impoundment soils are 
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The 
detailed HQctier values calculated for each COPC are provided in Appendix E. 
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Hazard Indices for Earthworm Ingestion 

Receptor 
Background Off- On- Site Tailings 

Soils Impoundment Impoundment 

Soils Soils 

American Robin 30 to !00 !00 to 900 70 to 300 500 to 3,000 

Masked Shrew 200 to 600 I ,000 to 4,000 700 to 2,000 6,000 to 20,000 

The HI values for the American robin and the masked shrew are greater than one within all exposure areas 
with the highest risks predicted for ingestion of earthworms from tailings followed by off-impoundment and 
on-impoundment soils and then background. Risks predicted for the masked shrew are approximately 10-
fold higher than those for the American robin. For both off-impoundment and on-impoundment soils, 
ingestion of lead concentrations in earthworms is the primary risk drivers (Figure 7-21 ). For tailings, 
ingestion of cadmium and lead in earthworm tissues are the primary risk drivers. It is important to note that 
plant tissue concentrations are estimated using soil EPC values and bioaccumulation factors or models 
(Section 5.3.5.3). Actual tissue concentrations of metals in earthworm tissues is unknown and may be 
lower or higher than the estimates used to evaluate risks .. 

7.5.5.5 Small Mammals 

The HI values for each representative wildlife species (American kestrel and red fox) consuming small 
mammals for each exposure area (background soils, off-impoundment soils, on-impoundment soils are 
presented as a range in the following text table using both NOAEL and LOAEL TRVs (Table 6-8). The 
detailed HQdiet values calculated for each COPC are provided in Appendix E. 

Hazard Indices for Small Mammal Ingestion 

Receptor 
Background Off- On- Site Tailings 

Soils Impoundment Impoundment 

Soils Soils 

American Kestrel 4 to !0 !0 to 90 6 to 20 20 to 200 

Red Fox <!to 3 5 to 9 3 to 5 !0 to 20 

The HI values for the American kestrel and red fox are greater than one within all exposure areas with the 
highest risks predicted for ingestion of small mammals from the tailings exposure area followed by off­
impoundment and on-impoundment soils and then background. Risks predicted for the American kestrel 
are approximately 10-fold higher than those for the red fox. For both off-impoundment and on­
impoundment soils, ingestion of cadmium and lead in small mammals are the primary risk drivers (Figure 7-
22). For tailings, ingestion of cadmium. lead and selenium in small mammal tissues are the primary risk 
drivers. It is important to note that small mammal tissue concentrations are estimated using soil EPC values 
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and bioaccumulation factors or models (Section 5.3.5.4). Actual tissue concentrations of metals in small 
mammals is unknown and may be lower or higher than the estimates used to evaluate risks. 

7.5.6 Wildlife Summary 

The results of the SERA indicate a potential for adverse effects to wildlife receptors associated with the 
ingestion of metals in surface water, sediment, soil, benthic invertebrates, fish, plants, earthworms and small 
mammals. Based on the evaluation of the HI values in the previous subsections the following is summarized 
concerning potential risks for wildlife: 

• Ingestion of Surface Water. Risks are predicted only for upstream Silver Creek for the masked 
shrew and Greater-Sage grouse as a result of ingestion of lead in surface water. All other HI 
values for wildlife are less than one and below a level of concern. 

Ingestion of Seep Water. Risks are predicted only for upgradient groundwater for the masked 
shrew ingesting lead. All other HI values for wildlife are less than one and below a level of 
concern. 

Ingestion of Sediment. Total His for the mallard, belted kingfisher and mink from the incidental 
ingestion of sediment are greater than one for all locations in Silver Creek, the south diversion ditch, 
and the wetlands area. HI values are highest for upstream Silver Creek followed by downstream 
Silver Creek, the wetlands area, and the south diversion ditch. Lead and aluminum contribute the 
most to risk for avian receptors while antimony and lead contribute the most to predicted risks for 
the mink. 

Ingestion of Soil. Total His are greater than one for all avian and mammalian representative 
species for on-impoundment soils and tailings. HI values are also greater than one for some species 
for off-impoundment soils. Aluminum and lead contributes the most to predicted risks for on­
impoundment soils while lead is the primary contributor to risks for off-impoundment soils. In 
background soils, arsenic, barium and lead contribute the most to predicted risks for the American 
robin and the masked shrew. Risks for exposure to On-impoundment soils is higher than Off­
Impoundment soils. The lowest overall risks are predicted for representative wildlife species 
exposed to soils at areas identified as background. 

Ingestion of Benthic Invertebrates. Total HI values for the mallard are greater than one for all 
exposure areas. The primary contributors to risk are cadmium, lead and zinc. Risks (based on 
relative HI values) are highest for upstream Silver Creek followed by the south diversion ditch and 
the wetlands area and downstream Silver Creek. 

Ingestion of Fish. Total HI values for the belted kingfisher and mink are greater than one for all 
exposure areas. Aluminum, antimony, lead and selenium contribute most to the predicted risks for 
the mink. For the belted kingfisher, aluminum, arsenic, cadmium and zinc contribute the most to 
predicted risks. 
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Ingestion of Plants. HI values are greater than one for both species evaluated (the Greater-sage 
grouse and the deer mouse) for some exposure areas (off-impoundment soils and tailings). Lead 
and selenium are the primary contributors to the predicted risks. Risks (based on relative HI 
values) are highest for tailings followed by off and on-impoundment soils and background. 

Ingestion of Earthworms. HI values for both representative species are greater than one for all 
exposure areas. Lead and mercury are the primary contributors to the predicted risks. Risks 
(based on relative HI values) are highest for tailings followed by off-impoundment soils, on­
impoundment soils and background. 

Ingestion of Small Mammals. Total HI values for both species (the American kestrel and red 
fox) are greater than one for exposure areas. Cadmium, lead and selenium are the primary 
contributors to the predicted risks. 

7.6 Summary of SERA Results 

The primary findings of the SERA for the RFT Site are summarized in Table 7-11. These findings are used 
to identify the data need to complete a more detailed analyses of ecological risks. These data gaps and 
recommended data to fill them are discussed further in Section 9.0. 
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8.0 UNCERTAINTIES 

The HQ values presented should not be interpreted as highly precise estimates of actual risk of ecological 
effects. Quantitative evaluation of ecological risks is limited by uncertainty (lack of knowledge) regarding a 
number of important data, exposure, toxicity, and risk factors. This lack of knowledge is usually 
circumvented by making estimates based on whatever limited data are available, or by making assumptions 
based on professional judgement when no reliable data are available. Because of these assumptions and 
estimates, the results of the risk calculations are themselves uncertain, and it is important for risk managers 
and the public to keep this in mind when interpreting the results of a risk assessment. 

The USEP A recommends that an ecological risk assessment include a discussion of uncertainties that 
influence the interpretation of the results (USEP A, 1997). This section summarizes the key sources of 
uncertainty influencing the results of the SERA. The discussion of uncertainties is organized according to 
the components of the SERA. A tabular summary is provided in Table 8-1. 

8.1 Uncertainties in Problem Formulation 

8.1.1 Selection of Receptors 

Risks to wildlife are assessed for a small subset of the species likely to be present at the RFT Site. The 
representative wildlife species selected for quantitative evaluation represent a range of taxonomic groups 
and life history types. An effort was made to select species representing the full range of possible 
exposures present in the area. This analyses, however, was completed in the absence of site-specific 
information concerning wildlife species and habitat present at the RFT site. These species may not, 
however, represent the full range of sensitivities present. The species selected may be either more or less 
sensitive to contaminant exposures than typical species located within the area. In particular, the relative 
sensitivities of reptiles as compared to birds, mammals, or amphibians are unknown. It is assumed that the 
risks to these organisms are at least qualitatively similar to risks to birds, mammals, and amphibians. Reptile 
species were not selected, as toxicity data for ingestion exposures to contaminants is limited. 

8.1.2 Selection of Exposure Pathways 

The exposure pathways selected for evaluation in the SERA are not inclusive of all potential exposure 
pathways for all ecological receptors. It is necessary to select a subset of possible exposute pathways for 
two primary reasons: 1) There is not enough information available to evaluate an exposure pathway and 2) 
it is necessary to limit the effort required when completing the assessment. For the SERA, the pathways 
selected for analyses are believed to represent those where contaminant exposures are highest. 

8.1.3 Exposure Pathways that could not be Evaluated 

Certain exposure pathways could not be evaluated in the SERA including: 

SERA for Richardson Flat Tailings 8- I February 2002 



) 

) 

DRAFT 

Exposures for amphibians to COPCs in soil and dust via inhalation, direct contact or ingestion could 
not be evaluated due to a lack of dose-response information for these exposure pathways as well as 
a lack of exposure parameters necessary to estimate COPC doses. 

Exposures for amphibians to COPCs in sediment, surface water, seeps and the aquatic food chain 
via ingestion could not be evaluated due to a lack of dose-response information for these exposure 
pathways as well as a lack of exposure parameters necessary to estimate COPC doses. 

8.1.4 Selection of Ecological Contaminants of Potential Concern (COPCs) 

The methodology used to select COPCs in the SERA may result in a number of uncertainties. These 
uncertainties are outlined below. 

Risk evaluation is only completed for those contaminants that have been identified as COPCs 
through the screening process. Not evaluating contaminants that are not identified as COPCs, but 
for which data are available may result in a slight underestimate of risk. 

Contaminants that are not detected, but for which the detection limit exceeds a level of concern are 
identified as a source of uncertainty. US EPA (1989) suggests eliminating those contaminants that 
have not been detected in any samples of a particular medium, although the detection limits exceed 
levels of ecological concern. It is assumed that these contaminants would only have a negligible 
effect on risk levels and would not likely result in a significant underestimate of risk. 

Contaminants with a detection frequency less than five percent are identified as a source of 
uncertainty. It is assumed that the infrequent presence of these contaminants would have only a 
negligible effect on risk levels and would not likely result in a significant underestimate of risk. 

Although a reference (background) comparison screening step for inorganics is identified in the 
COPC selection process, this reference comparison is not effectively used in the selection process 
as the sample sizes for all reference data sets are too small (san1ple size less than five) or are not 
representative of background. 

8.2 Uncertainties in Exposure Assessment 

8.2.1 Environmental Concentrations 

In the exposure assessment, the desired input parameter is the true mean concentration of a contaminant 
within a medium, averaged over the area where exposure occurs. For the RFT Site, environmental data 
were not obtained in a truly random fashion and are likely to be biased toward areas of maximum 
contamination. In addition, the available data sets for the SERA are currently incomplete, which provides a 
limited means for deriving reliable exposure estimates. 
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The techniques used for data sampling and analysis, and methods used for selecting contaminants for 
evaluation in the risk assessment may result in a number of uncertainties. These uncertainties are itemized 
below. 

Analyzed samples may not represent the actual levels of contaminants at the RFT Site. This may 
result in either an over- or underestimate of risk. 

Systematic or random errors in the contaminant analyses may yield erroneous data. These types of 
errors may result in a slight over- or underestimate of risk. 

The UCL95 or maximum concentrations are used to represent levels of exposure for terrestrial 
wildlife. Use of these upper bound concentrations provides a conservative estimate of average 
RFT Site concentrations; actual exposures may, however, be lower or higher. 

8.2.2 Lack of Data on Extent of Contamination in Seeps 

Analytical data for the seep located at the base on the main embankment are not available. Aquatic and 
terrestrial receptors may be exposed to contamination in the seeps via direct contact or ingestion. 
Groundwater data from several monitoring wells near the seep were used to evaluate possible risks 
associated with the seeps. Use of the groundwater data may result in either an under- or overestimation of 
risks. 

8.2.3 Limited Data on the Extent of Contamination in the Wetlands 

Surface water and sediment data for the wetlands area located west of the main embankment are limited. 
Previous reports indicate that the wetland sediments are tailings (ESE, 1993). Aquatic and terrestrial 
wildlife may be exposed to contamination in sediment and surface water in the wetlands by direct ingestion 
or the ingestion of food. The SERA analyses is limited to 4 sediment samples from the wetland. Use of 
these limited data may result in either an under- or overestimation of risks. 

8.2.4 limited Analyses of Soil Samples 

Soil samples (either on impoundment or off impoundment) were analyzed for all metals in only 20% of the 
samples collected. All samples were analyzed for both arsenic and lead. This limits the data set for soils 
for ecological risk analyses and may result in either an under or overestimation of risks as lead and arsenic 
are not the only COPCs of concern for ecological receptors to soil contamination and do not represent the 
COPCs associated with the highest risk. 

8.2.5 Lack of Data on Extent of Contamination in Biological Tissues 

The most direct way to assess dietary exposures for ecological receptors is to measure tissue burdens of 
COPCs. This measurement eliminates uncertainties associated with estimating the uptake and transfer of 
contamination from soils, surface water, sediments, and seeps into either the aquatic or terrestrial food 
chain. Currently, data are not available on tissue concentrations of COPCs in any biological tissues at the 

SERA for Richardson Flat Tailings 8- 3 February 2002 



) 

DRAFT 

RFT Site. The lack of data may result in either an under- or overestimation of risks. Collection of data on 
tissue burdens of COPCs would reduce the uncertainties. Collection of tissue samples concurrently with 
soil and/or sediment samples would provide correlation of tissue burdens with environmental concentrations. 

8.2.6 Wildlife Exposure Factors 

Ingestion-related exposure assumptions for wildlife are based on literature-derived information concerning 
average body sizes, diet compositions, consumption rates, and metabolic rates. Much of this information is 
derived from laboratory-reared animals and may not be representative of feral organisms. Moreover, the 
actual diet composition of an organism will vary daily and seasonally. These uncertainties could either 
under- or overestimation the actual exposures of wildlife to COPCs in water, sediment, soil and diet. 

8.2. 7 Estimation of Doses for Terrestrial Wildlife 

Estimates of wildlife exposure due to incidental sediment ingestion conservatively assume that 100% of the 
metals present are biologically available ( 100% will be ingested and absorbed in the gut). This assumption 
likely overestimates contaminant doses to wildlife, as absorption efficiencies for most metals are less than 
100%. 

It is also assumed in the calculation of contaminant doses for wildlife that contaminants present in 
environmental media have the same bioavailability as contaminants in laboratory test media. This 
assumption is conservative because laboratory testing purposely includes dosing regimes (method of 
administration and contaminant form) to insure a uniform and maximum uptake of contaminants. 

8.3 Uncertainties in Effects Assessment 

8.3.1 General Use of Toxicity Screening Benchmarks 

The literature-derived data used to identity toxicity benchmarks contain uncertainties related to the 
application of generic data to site-specific conditions. The toxicity benchmarks identified for the SERA are 
based on data from a wide range of sites and conditions, many of which may be quite different from the 
conditions at the RFT Site. These literature-derived values are expected to be less accurate than site­
specific data, but the magnitude and direction of any errors introduced by their use are unknown. 

There are often important site-specific factors that may tend to modifY (often decrease) the toxicity of 
metals in surface water, sediments and soil. In general, these site-specific factors are referred to as 
"bioavailability" factors. For example, metals in surface water may be bound to soluble organic materials 
that reduce the tendency for the metal to bind to respiratory structures of fish or benthic organisms. 
Similarly, the presence of organic matter in soil, along with other substances, may have a significant 
influence on actual toxicity. One of the best ways for investigating the importance of such factors is to 
perform toxicity tests using site-specific media, either by in-situ assays or laboratory bioassays. The results 
of site-specific toxicity studies can significantly increase the accuracy of the ERA process. 
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8.3.2 General Use of Sediment Toxicity Benchmarks 

A potential limitation to the use of sediment screening benchmarks is that not all of the metals in the bulk 
sediment may be available for dissolution into the pore water. Studies by a number of researchers have 
found that the tendency of certain metals in sediment to dissolve into the pore water is determined in large 
part by the amount of sulfide present in the sediment (Hansen et al., 1996; Ankley, 1996; Ankley et al., 
1996). Tllis is because divalent cations of heavy metals such as cadmium, copper, lead, zinc, and nickel 
fom1 highly insoluble complexes with sulfides. Thus, if the sediment contains sufficient sulfide to complex 
the metals, then dissolution into pore water and resultant toxicity to benthic organisms is not expected 
(Hansen et al., 1996; Ankley, 1996; Ankley et al., 1996). 

Based on these considerations, one method for evaluation of site-specific effects and risks for benthic 
invertebrates to metals in sediments is to measure the amount of acid-extractable cadmium, copper, lead, 
zinc, nickel, and mercury (these are referred to as Simultaneously Extractable Metals, or SEM). The SEM 
is compared to the simultaneously measured level of Acid Volatile Sulfide (AVS). If the measured level of 
SEM (mmol/g) is the same or less than A VS (mmol/g), then it is expected that the metals in sediment are 
not contaminantly available to partition to pore water. Thus, toxicity to benthic invertebrates is not of 
concern. If the concentration of SEM exceeds the concentration of A VS, then there is a possibility of metal 
release to pore water and possible toxicity. An exceedance of AVS by SEMis not proof that toxicity will 
occur, especially ifthe exceedance is fairly small (e.g., less than approximately 5 mmol/g) (Hansen et al. 
1996). This is due to the observation that other materials in sediment (e.g., organic carbon) may also bind 

) metals (Mahony et al., 1996; Hansen et al., 1996). 

Another direct method for measuring exposure and assessing risks for sediment-dwelling benthic 
invertebrates is to measure the concentration of metals in the sediment pore water and to compare those 
measurements to appropriate screening benchmarks or to complete toxicity testing in the laboratory 
exposing test organisms to site whole phase sediment samples. 

8.3.3 Absence of Toxicity Benchmarks 

Toxicity screening benchmarks were not available for all COPCs. A summary of these unavailable 
benchmarks is provided below. The lack of these benchmarks may result in the under-estimation of 
potential risks. 
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Absence of Toxicity Screening Benchmarks 

Type of Benchmark COPC 

Ambient Water Quality Criteria for Aquatic Antimony, barium, beryllium, boron, calcium, cobalt, lithium, 
Receptors for Direct Contact with Water magnesium, manganese, molybdenum, potassium, sodium, 

strontium, thallium or vanadium 
Chronic Criteria Only: iron 
Acute Criteria Only: silver 

Toxicity Benchmarks for Amphibians for Direct Boron, thallium, vanadium, cobalt, chromium, manganese, 
Contact Exposures with COPCs in surface 
water or seep water. 

Toxicity Benchmarks for Benthic Invertebrates Barium, beryllium, cobalt, selenium, thallium, vanadium 
for Direct Contact Exposures to COPCs in 
Sediment 

Toxicity Benchmarks for Soil Fauna for Direct Antimony 
Contact Exposures to COPCs in Soil 

8.3.4 Absence of Wildlife TRVs 

Avian toxicity data for antimony and silver were not available in either of the secondary review sources 
(Sample et al., 1996 and Engineering Field Activity West, 1998). Quantitative assessments ofrisks to avian 
species related to exposure to antimony and thallium were not performed. This uncertainty results in an 
underestimation of risks. 

8.3.5 Derivation of Wildlife TRVs 

Toxicity information for many contaminants is often limited. Consequently, there are varying degrees of 
uncertainty associated with the wildlife toxicity reference values. These uncertainties may result in an 
over- or underestimate of risk. Sources of uncertainty associated with toxicity values are listed below. 

Uncertainty in toxicity factors arises from the lack of knowledge on the potential interactive effects 
of different contaminants. Most TRY values are derived from studies of the adverse effects of a 
single contaminant. However, exposures to ecological receptors usually involve multiple • 
contaminants, raising the possibility that synergistic or antagonistic interactions might occur. This 
sort of interaction is of particular importance with regard to metals, since it is known that the 
absorption and toxicity of some metals interact in complex ways. However, data are not adequate 
to permit any quantitative adjustment in toxicity values or risk calculations based on inter­
contaminant interactions. This uncertainty may result in over- or underestimates of risk. 

Using dose-response information from effects observed at high doses to predict the adverse effects 
associated with lower doses may result in a slight to moderate overestimate of risk. 
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9.0 DATA GAPS AND RECOMMENDATIONS 

The following sections describe the data gaps present in the SERA that need to be filled to complete a 
quantification of ecological risks. The data gaps are discussed according to potential ecological receptor and 
exposure medium. The potential exposure media include surface water, sediments, soils and diet. The 
results of the SERA are summarized in Table 7-11 and are used to discuss data gaps which are described in 
Table 9- I. The data gaps and recommendations are segregated into analytical data, toxicological data and 
biological data requirements. Each is discussed with regard to exposure areas on the RFT site including 
silver creek, the wetland and embankment area, the diversion ditches, on-impoundment soils and off­
impoundment soils. 

9.1 Silver Creek 

Upon examination of the HQ values calculated and presented as Figure 7-1, 7-2 and 7-5 it evident that the 
surface waters and sediments of Silver Creek are more contaminated with metals upstream of the RFT site 
compared to downstream. The SERA results show there are risks for aquatic life and terrestrial wildlife for 
Silver Creek both upstream and downstream of the RFT Site. However, it is concluded based on the SERA 
information that the RFT Site is not contributing to increased risks in Silver Creek based on both the 
available surface water and sediment data. Based on this conclusion, further sampling and risk evaluation 
of Silver Creek in relation to the RFT Site not recommended. 

This recommendation, however, is based on the assumption that the risks occurring in Silver Creek will be 
addressed as part of the risk evaluation of the upstream sources and that any decisions concerning actions in 
Silver Creek will consider possible influences of future contaminant transport from RFT into Silver Creek. 
For example, if the metals present in sediments and/or surface water are reduced in Silver Creek (as a result 
of clean up activities) then the possible discharges from the RFT Site could decontaminate the surface water 
or sediments and/or become the dominant influence on metal loading. 

This recommendation is also exclusive of the reported flood plains tailings pile located immediately west of 
the tailings impoundment and covering about 6 acres along the banks of Silver Creek (USEP A, 1991 ). 
This source is reported to be located on the western side of Silver Creek about 300 feet upstream of the 
confluence of Silver Creek with the wetland area and extends from there for about 2500 feet upstream. The 
US EPA and the State of Utah both observed tailings entering Silver Creek from the flood plain tailings pile 
during site visits for the HRS Scoring (US EPA, 1991 ). According to analyses performed in 1985 and 1989, 
the flood plain tailings pile contains arsenic, cadmium, copper, lead, mercury, silver, and zinc (USEPA, 
1991 ). The HRS data is excluded from the SERA as not representative of current conditions on the RFT 
site in the main impoundment area. Outside of the main impoundment area there could be as many as five 
samples from this tailings area but the locations are not known (Figure 3-1 ). It is also not clear from current 
site boundary information if this area is now part of the RFT Site. This is identified as a data gap for the 
baseline ERA. If the floodplain tailings are part of the RFT Site then this area needs to be further 
investigated and recommendations will be provided at a later date. 
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9.2 Wetland Area and Embankment 

9.2.1 Analytical Data 

There is currently no data available on the extent of contamination in the surface waters of the wetland area 
or the seeps at the base of the embankment. The SERA used groundwater data to screen for possible risks 
associated with the discharge of contaminated groundwater to the wetland. These results for aquatic 
receptors (Figure 7-6) and amphibians (Figure 7-9) show possible risks for both of these receptor groups 
associated with exposure to metals in seep water. More accurate risk estimates could be calculated if 
analytical data from the seeps and the surface water of the wetland were available. 

It is recommended that sampling of surface water and seep water be completed to provide data for risk 
analyses for aquatic receptors, wildlife and amphibians. The samples should be analyzed for the Target 
Analyte List (TAL) metals. In addition to the analytical measurements, general water quality data should 
be collected including dissolved oxygen, conductivity, alkalinity, dissolved solids, total suspended solids 
and pH. All of these factors influence either the potential toxicity of metals or habitat quality. 

Additional sediment samples are also recommended from the wetland area. The SERA results are based on 
evaluation of only 4 sediment samples. Additional sediment samples with concurrent measurements of 
metals in sediment pore water should be also be collected. The sediment samples would be analyzed for 
TAL metals and the pore water samples for both total and dissolved TAL metals. The pore water analytical 
results will be used to evaluate the potential bioavailability and toxicity of the metals in sediment. 

9.2.2 Biological Data 

There is currently no information available describing the type of wetlands present or habitat. This 
information is critical to understanding what ecological receptors (aquatic and terrestrial) are using this area 
of the RFT site and what the possible exposure pathways may be. The type of wetland habitat available 
determines use by wildlife. It is recommended that the wetland area be surveyed to identify the type of 
plants present as well as any signs of wildlife use. This survey would be qualitative in nature with the 
purpose of describing the type of habitat present. This information would then be used to identify the 
possible species of wildlife present. 

Sampling ofmacroinvertebrates from the wetland area is recommended to identify what species are present 
within the area and may be exposed to contamination in seeps, surface water and sediments. This 
information will also be used to possible site-specific toxicity testing. 

9.2.3 Toxicological Data 

The SERA results predict that surface water, seep water and sediments in the wetland area are likely to be 
toxic to aquatic receptors. However, site-specific toxicity of the COPCs in these environmental media is 
not known and could be potentially very different from that predicted. It is recommended that site-specific 
toxicity testing of environmental media be considered after collection of the basic habitat information along 
with the goals of the overall RI/FS program. These results will reduce uncertainties in the conservative 
screening calculations used the SERA and can be used to identify the need for and focus remediation efforts 
to reduce risks. 
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The toxicity of the seeps to aquatic life could be directly testing using standard surface water toxicity tests 
with either the daphnid (Ceriodaphnia dubia) and/or the fathead minnow (Pimephales promelas). The 
results of these tests would provide direct evidence concerning the toxicity of the seep water and its 
contribution to surface water toxicity in the wetland. This of course assumes that the wetland habitat 
present does support aquatic receptors (including amphibians) for at least a portion of the year. 

The analytical data presented in this SERA shows substantial contamination of sediments within the 
wetland area. ESE (1993) concluded that the sediments in the wetland were equal to tailings material. The 
mean PEC Quotients calculated for wetland sediments (Section 7.2.2.2) indicate that probability of 
observing toxicity is 100% for 3 of the 4 samples and 88% for a fourth sample. Based on the results of the 
habitat survey and the use of the area by aquatic and terrestrial wildlife, it may be useful to measure site­
specific sediment toxicity using EPA standard whole phase sediment toxicity test protocols with either 
chironomids and/or the amphipod (Hyal/ela azteca). Toxicity testing of sediment pore water samples is 
also an option using the standard surface water toxicity testing discussed with regard to toxicity of seeps. 

9.2.4 Biological Tissue Data 

Risks are predicted for wildlife receptors in the SERA for ingestion of aquatic food items (fish and benthic 
invertebrates) based on the estimated concentrations ofCOPCs in these items using existing BSAF models 
are a conservative assumption. Ingestion of fish and benthic invertebrates contributes the most of the HI 
values for each representative species (Figure 9-1) compared to incidental ingestion of sediments. The 
models and assumptions (i.e., ratio of I: I between sediment to fish tissue) are conservative and likely 
overestimate the site-specific uptake of metals and risk. 

The bioavailability and uptake of metals from surface water, sediments, and food in the aquatic 
environment for metals is driven by many site-specific factors. For some contaminants, in particular, 
mercury and selenium, uptake is not driven by concentrations in sediment and/or water but instead is driven 
by site-specific microbial activity that controls conversion of the metals from inorganic to organic forms. 
based on site-specific factors that are difficult to impossible to predict. To reduce the uncertainties in these 
risk estimates, it is recommended that measurements of metals concentrations be made in aquatic food items 
available from the wetland for terrestrial wildlife species. Decisions concerning the selection of plant and 
aquatic organism species for collection and analyses will be dependant on the outcome of the habitat 
survey. 

9.3 South Diversion Ditch 

[Table 9-1 complete but not text] 

9.3.1 Analytical Data 

Current sampling of the sediments of the South Diversion ditch is adequate for establishing extent of 
contamination. It may however be necessary to collect further samples for analyses concurrently with any 
toxicity testing, benthic invertebrate sampling, or biological tissue sampling as discussed in the next 
sections. Samples should be analyzed for TAL metals. Also, sampling and analyses ofT AL metals in 
sediment pore water may be useful in understanding the bioavailability and potential toxicity of metals 
measured in bulk sediment samples. 
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9.3.2 Biological Data 

Information on the type of habitat provided by the South Diversion ditch and thus its potential use by 
wildlife and aquatic receptors is unknown. Collection of qualitative data on vegetative cover of the South 
Diversion Ditch area is recommended to evaluate possible used by wildlife and aquatic receptors. Also 
recommended is a qualitative sampling of the diversion ditch (concurrently with sediment and sediment 
pore water samples) to identify the presence or absence of macroinvertebrates and the possible use of the 
ditch by fish species. Species will be identified to lowest taxonomic level possible. 

9.3.3 Toxicological Data 

(Table complete but not text] 

9.3.4 Biological Tissue Data 

(Table complete but not text] 

9.4 On and Off-Impoundment Soils 

{Table complete but not text] 
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Figure 1 - 1 
Richardson Flat Tailings Site Location Map 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Fig 1-1 RFf Location Map.ppt 
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Screening Problem Formulation 

./ Identify sources of contamination 

./ Identify ecological receptors (aquatic and terrestrial) 

./ Identify migration pathways (runoff, leaching, etc.) from source(s) to exposure medium (surface water, 
seeps, sediment, soil, aquatic and terrestrial food chain) for ecological receptors 

./ Identify exposure pathways (ingestion, dennal contact, etc.) for ecological receptors 

./ Construct Site Conceptual Model (SCM) that visually depicts the above . 

./ Select Contaminants of Potential Concern (COPCs) 

./ Identify goals and endpoints for the Screening Ecological Risk Assessment (SERA) 

I 

Exposure lssessment 

Exposure Point Concentrations (EPCs) are identified for 
each receptor (aquatic receptors, terrestrial plants, soil 
invertebrates and wildlife), for each COPC, for each 
medium of concern: 

Aquatic Receptors- EPCs in surface water, sediment 
and seeps at each sampling location. 

Terrestrial Plants and Soil Invertebrates- EPCs in 
soils for four exposure units (background, off­
impoundment, on-impoundment and tailings) 

Wildlife -EPCs in surface water, sediment, seeps and 
food items for each of exposure unit The 
concentrations are converted to dose (mg!kg BW/day). 

I 

I 

Effects \.ssessment 

Toxicity screening benchmarks are identified for each 
COPC for each medium of concern: 

Aquatic Receptors and Surface Water/Seeps - Acute 
and Chronic Ambient Water Quality Criteria (A WQC) 
for each sampling station based on measured 
hardness, if applicable. 

Aquatic receptors and Sediment- Toxicity effects 
range (low and high) benchmarks. 

Terrestrial Plants and Soil Invertebrates - Toxicity 
effects range (low and high) benchmarks. 

Wildlife -Doses of each COPC (mg/kg BW /day) 
associated with no observed adverse effects (NOAEL) 
and lowest observed adverse effects (LOAEL). 

I I 

Screening Risk Characterization 

Hazard Quotient (HQ) = Exposure Point Concentration (EPC) I toxicity benchmark 

Aquatic Receptors and Surface Water/Seeps: HQs calculated for each sampling location; based on total and dissolved 
concentrations compared to acute and chronic A WQCs. 

Aquatic Receptors and Sediment: HQs calculated for each sampling location using the range of toxicity benchmarks. 

Terrestrial Plants and Soil Invertebrates- HQs calculated for each sampling location using the range of toxicity 
benchmarks. 

Wildlife: HQs calculated separately for ingestion of surface water, sediment, seeps and food items for each exposure 
unit; concentrations compared to NOAEL and LOAEL toxicity reference values (TRVs). 

I Data Gaps and Recommendations I 
Figure 1-2 
General Process for the Screening Ecological Risk Assessment (SERA) 
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STEP 3: PROBLEM FORMULATION 

I Toxicity Evaluation I 

Assessment 
Endpoints 

Conceptual Model 
Exposure 

I Questions/Hypotheses I 
STEP4: STUDYDESIGN ANDDQO 

PROCESS 
• Lines ofEvidence 
• Measurement Endpoints 
• Work Plan and Sampling and Analysis 

STEP 5: VERIFICATION OF FIELD 
SAMPLING DESIGN 

STEP 6: SITE INVESTIGATION 
AND DATA 

Risk 
Assessor and 

Risk 
Manager 

SMDP 

~ SMDP I 

SMDP 

····~ SMDP 

STEP 7: RISK CHARACTERIZATION I 
~---S_TE_P_8_: _RI_S_K_MAN __ A_G_AMENT ___ ___,~ SMDP 

SMDP = Scientific Management Decision Point 

Figure 1-3 
Eight Step Process Recommended in Ecological Risk Assessment 
Guidance for Superfund (BRAGs) (USEPA, 1997) 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings 

Fig l-3 ERAGS steps.doc 
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Richardson Flat Tailings Site Map 
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Fig 2-1 RIT Site Map.ppt 
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Figure 3-1 
RMC On-Impoundment 
Soil, Tailings, & Sediment Sampling Locations 

-., 
} 

• 

\ 
STUOY AREA SOU 

<., .... ~I.. ...... _,- "'"'!..._ 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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RMC Off-Impoundment Soil Sampling Locations 
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RMC Background Soil Sampling Locations 
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Fig 3-4 RMC Bkg Locations.ppt 
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Ecology & Environment (1993) Surface Water and Sediment Sampling Locations 
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Fig 3-5 E&E Locations.ppt Source: E&E, 1993 - Figure 1 
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Figure 3-6 
Upper Silver Creek Watershed 
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Fig 3.{; Upp« Watersbed.ppt Source: USEPA, 2001 [Silver Cndt Watershed Report] 
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Fig 3-7 Watershed Locations. ppt Source: USEPA, 2001 {Silver Creek Watershed Report} 



DRAFT 

' 
Old Highway 40 

TAILINGS 

' 

Figure 3-8 
UPCM Surface Water Monitoring Locations 
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' Fig 3-8 UPCM SW Locations.ppt Source: RMC, 200la [RIIFS Workplan} 
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Figure 3-9 
RMC On-Impoundment 
Surface Water and Groundwater Sampling Locations 
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Figure 4-1 

Ecological Site Conceptual Model 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Secondary 
Release Source Exposure Exposure 

Source Mechanism Medium Media Route 
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Pathway complete, but considered insignificant relative to other pathways of concern - no evaluation \ i
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Pathway complete and selected for quantitative evaluation 
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Figure 4-3 
Ecological Screening Methodology for COPC Selection 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Is maximum nondetect 
Is compound detected? no .. 

concentration > SL a ? 
no 

yes + yes 

es Is compound bioaccumulative? 

no + ,r 

Does compound occur at a _.. Evaluate 
detection frequency greater .. 

no Qualitatively b 
than or equal to 5%c? 

yes ~ 

Is compound a 
physiological electrolyte? 

yes 

no ~ 

~ 
Are site concentrations > 

background (N::: 5)0 ? 
no 

yes orNA ~ 

'llo Does compound have SL? 

yes ~ 

Is maximum detected 
concentration > SL? no 

yes 

r-----------------------------------------------
I 
I 
I 
I 
I , • 

"~\'t:. • rr ___. 
COPC 

--I~ I 

Notes: 

SL = screening level cope = chemical of potential concern 

NA = not available SMDP = scientific management decision point 

a If ecological SL is not available, the adequacy of detection limits will be evaluated qualitatively in the screening ERA as 

part of the uncertainty analyses. 

b Chemical is not identified as a COpC, but chemical is a soun:e of uncertainty. 

c Detection frequency screening step also identifies if chemical is plausibly site-related. 

d Physiological Electrolytes include calcium, iron, magnesium, sodium, and potassium. 

e Background comparisons are described in the text. 
COPC Selection Flowchart.xls: eco_COCselection, 2/1412002 
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Figure 6-1 
Relationship Between Mean PEC Quotient and Incidence of Toxicity in Freshwater Sediments 

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site 
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Figure 7-1 
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water 

Screening Ecological Risk Assessment for Richardson Flats Tailings 
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Figure 7-1 
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water 

Screening Ecological Risk Assessment for Richardson Flats Tailings 
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Figure 7-1 
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Figure 7-1 
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Surface Water 

Screening Ecological Risk Assessment for Richardson Flats Tailings 
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Figure 7-2 

Concentrations of Cadmium, Lead and Zinc in the Upper Silver Creek Watershed 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-3a 

Comparison of Dissolved Cadmium Concentrations with Species Mean Acute and Chronic Values for Fish 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-Jb 

Comparison of Dissolved Lead Concentrations with Species Mean Acute and Chronic Values for Fish 

• Screening Level Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-Jc 

• Comparison of Dissolved Zinc Cncentrations with Species Mean Acute and Chronic Values for Fish 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site 
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Figure 7-4a 

Comparison of Dissolved Cadmium Concentrations with Species Mean Acute and Chronic Values for Benthic Invertebrates 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-4b Comparison of Dissolved Lead Concentrations with Genus Mean Acute and Chronic Values for Benthic 
Invertebrates 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-4c 

Comparison of Dissolved Zinc Cncentrations with Species Mean Acute and Chronic Values for Fish 

Screening Level Ecological RiskAssessmentfor Richardson Flat Tailings Site 
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• Figure 7-5 

Sediment Hazard Quotients (IIQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-5 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-5 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-5 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-5 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-5 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-6 
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Seeps* 
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Figure 7-6 
Hazard Quotients (BQs) for Aquatic Receptors from Direct Contact with Seeps* 
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Figure 7-6 
Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Seeps* 
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Hazard Quotients (HQs) for Aquatic Receptors from Direct Contact with Seeps* 
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Screening Ecological Risk Assessment 
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Figure 7-6 
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Figure7-8a 

Comparison of Total Arsenic Concentrations with Species Toxicity Values for Amphibians 

Screening Level Ecological Risk Assessment for Richardson flat Tailin~ Site 
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F"IgUre 7-8b 

Comparison of Total Copper Concentrations with Species Toxicity Values for Amphibians 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site 
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Figure7-8c 

• Comparison of Total Lead Concentrations with Species Toxicity V aloes for Amphibians 

Screenbrg Level Ecologictd Risk Assestmellt for Riclulrdson F7lll Tailings Site 
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Figure7-8d 

• Comparison of Total Mercury Concentrations with Species Toxicity Values for Amphibians 

Screening Lnel Ecological Risk Assessment for Richardson Flat Tailings Site 
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Figure7-8e 

• Comparison of Total Zinc Concentrations with Species Toxicity Values for Amphibians 

Screening Level Ecological Risk Assessment for Richardson Flat Tailings Site 
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• Figure7-9 
Contribution of COPC HQs from Direct Contact with Seeps* to the Total m for Amphibians 

Scruning Ecologictll Risk Assessment for Tile Riclrardsorr Fltds Tailings Site 
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Figure 7-10 
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Scrt!Diing Ecological Risk Assessmmt for Riclrartbon Flat Tailings Site 
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Yagure7-10 
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Scruning Ecological Risk Assessment for Richardson Flat Tailings Site 
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Figure 7-10 
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Scruning Ecologiet~l Risk Assessment for Richardson Flat Tailings Site 
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Figure 7-10 
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Screening Ecological Risk Assessment for Richardson Flat Tailings Site 
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Figure 7-13 
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Screening Ecological Risk Assessment for Riclrtmbon Rat Tailings Site 
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Figure7-13 
Soil Fauna Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Screening Ecological Risk A3sessment for Riclrardson Flat Tailings Site 
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Figure 7-14 
Contribution of COPCs to the Total m for Soil Fauna from Direct Contact with Soils and Tailings 

Screening Ecologiclll Risk Assessment for Richardson Flllls T11ilings 
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Figure 7-15 
Contribution of Each COPC to the Total m for Ingestion of Sediment 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-16 
Contribution of Each COPC to the Total m for Ingestion of Seep" Water 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-17 
Contribution of Each COPC to the Total m for Ingestion of Soil/Tailings 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-18 
Contribution of Each COPC to the Total ill for Ingestion of Benthic Invertebrates 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-19 
Contribution of Each COPC to the Total m for Ingestion ofFish 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-20 
Contribution of Each COPC to the Total ID for Ingestion of Plants 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Greater-Sage Grouse 

Based on the NOAEL TRV 

---------------- - - -- - -------------------------- -- - --- - -- - - ------ ~------~ 

Background Soils Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

[]Arsenic • Cadmium 0 Copper 0 Lead D Mercury 0 Selenium • Zinc 

Based on the LOAEL TRV 

-------- ---- -- --------------- -- ---------------- ---- ------------- -1-----l 

------- - -- - - --- ------- - - -~ ... --r - - - - -- ---- - - - - - - ---------------

Background Soils Off-Impoundment On-Impoundment Site Tailings 
C'. :1. c<. : t. 

Arsenic • Cadmium 0 Copper D Lead D Mercury 0 Selenium • Zinc 

W ildlife Risk_Piant rev.xls: COPC Contrib Graph 
2/14/2002 

DRAFT 



• 

• 

• 

18000 

= 16000 . 51 -"' ~ 14000 Of) 

.s 
E 12000 
0 
1=: 10000 .c 
t: 8000 = 
~ 

""' 6000 ~ 

s 4000 -a - 2000 0 
E-4 

0 

Figure 7-21 

Contribution of Each COPC to the Total m for Ingestion of Earthworms 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 7-22 
Contribution of Each COPC to the Total m for Ingestion of Small Mammals 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Figure 9-1 
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Figure9-l 
Contribution of Each Wildlife Exposure Pathway to the Total Ill 

Screening Ecological Risk Assessment for Richardson Flat Tailings 
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Table 3-1 
Summary of Analytical Results for Tailings 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Source Station 10 Depth Location Description ~~~~~~~~~M~~ 
- RFT-SS-J 1-3.5 in -c-

Surface tailings; main co-
RFT-SS-4 - 3.5-7.5 in 

<' tailings pile nonh of 
c.. diversion ditch (main :::. RFT-SS-5 12.0-17.8 in 

Vi" 
impoundment) 

0:: RFT-SS-6 17.8-18.0 in ::s 
E RFT-TA-1 0-6 in Easternmost tailings; near 

* edge of diversion ditch 
>. 

Near South edge of Ul RFT-TA-2 0-6 in 
gf diversion ditch 

:;;: Westernmost tailings; near ;:; RFT-TA-3 0-6 in 
south edge oftailinl!s ditch "' -e RFT-TA-4 0-6 in 
Southernmost flood plain 

::i tailings 
:J: RFT-TA-5 0-6 in 

Nonhernmost flood plain 
rnilin~s 

2ft 

Ht 

4ft Tailings from western 
RF-TA-TPI 

5ti impoundment area 

0 6ti 
c. 

2-6ft " 0:: 

-'=' 2 ft 
~ 3ft 
0 
::;; 4ft Tailings from central 

RF-TA-TP2 
0 5ft impoundment area 
~ 6ft 
" ~ 2-6ft 
u 2ft ::;; 
"' 3ft 

RF-TA-TPJ 
4ft Tailings from eastern 

5ft impoundment area 

6ft 

2-6ft 

6 in 

7 in 
RF-TSDD-GLSO 

18 in 

t: 19 in 0 
c. 

6 in " 0:: RF-TSDD-GL52 

3 18 in 

;: 
RF-TSDD-GL53 

8in 

" ::;; 18 in Tailings South of Diversion - 6 in Ditch 0 
0 RF-TSDD-GL56 
"' 18 in 
>. 

~ RF-TSDD-GL58 
14 in 

u 20 in ::;; 
0:: 

RF-TSDD-GL59 
10 in 

18 in 

RF-TSDD-GL62 
2.5 in 

3.5 in 

na == not analyzed 
All unns are in mgt kg. 
Concenrrauons presented are the arithmeuc mean at ~acb sampling location. 
Non-detects "U" are evaluated at L2 the reponed detection limit. 

na 

na 

na 

na 

na 

na 

na 

na 

na 

2,320 

1,550 

2.880 

1,960 

2,610 

2.2~0 

2,040 

1,385 

1,425 

2,145 

13,800 

3.125 

813 

1,100 

1,720 

2,440 

4,080 

1,770 

3,313 

2,748 

26.320 

21,130 

5,874 

22,180 

8,373 

23.930 

2,935 

19,950 

5,365 

2-1.210 

4,374 

22.870 

2.059 

32,700 

Samples designated as 2-6 ft depth are a composne of split samples from each depth increment. 

rani~ \.J latlwg, lJJlJ \.h railm~-; 

~ ].:1-1::!(!0~ 

na 311 

na 328 

na :18 

na 34 

na 220 

na 208 

na 222 

na 25ll 

na 175 

41 148 

18 299 

26 2-15 

69 167 

120 245 

30 210 

151 257 5 

209 5 43-l 

94 177 

165.5 361.5 

249.5 319 

180 304.5 

86 211 

126 210 

216 317 

34 199 

98 192 

86 217 

283 459 

214 313 

2.5 9.7 

2.5 7.9 

505 637 

2.5 6.6 

423 6:02 

2.5 7.3 

172 264 

6.3 8.6 

114 276 

2.5 12 

33-1 426 

2.5 12 

88 192 

2.5 7.1 

53 na 225 na na na na na na 

169 na 225 na 4.720 1.97 na 13 23.200 

61 na 335 na 4,920 2.26 na 26 12.700 

na na 105 na 1,090 0.4 na 6.9 1,510 

na na na na na na na na na 

na na 205 na na na na na 5,710 

95.9 na 336 na 4,520 na na 22.1 14,100 

117 na 281 na 9,300 8.2 na 62.'3 16,200 

250 na 265 na 31,600 7.6 na 115 33,800 

14 8 338 34.600 I ,470 0.28 2.5 34 2,110 

21 2.5 528 77,500 3,920 0.45 2.5 9 4,810 

46 10 953 62,800 10,200 0.56 2.5 24 7,820 

32 14 319 52,600 3,010 0.57 II 9 5,930 

29 I 0 549 48,000 3,930 0.76 7 19 5,830 

22 7 446 55,900 3,440 0.45 2.5 16 -1.320 

29.5 16 435.5 31.450 3,925 6.25 10.5 34.5 5,755 

29.5 12.5 250 29,300 3,680 4.6 7 29 4.635 

25.5 14.5 191 37.700 2,495 0 0 9 18 4,685 

44 17.5 403 41,000 4,575 5.25 11.5 38 6,730 

80.5 96.5 1070 33,750 12,800 3.05 15 81 13,800 

46.5 25 SOl 34,600 5,575 2.7 II 44 7.540 

23 8 163 47.500 2,750 2.3 18 17 3,510 

26 9 236 34,200 3,330 1.5 II 23 3.670 

41 14 32::! 34.600 4,900 3.6 10 37 6,440 

22 21 242 47.800 3,170 85 0.98 20 6.000 

59 39 331 4 7,400 5,230 1.4 13 26 10.300 

32 IS 227 45,500 3,400 1.9 15 20 5,270 

75 19 692 15.720 9,060 6.3 9 55 14,650 

39 18 497 11,720 7,129 4.8 2.5 44 7,926 

0.::!5 28 31 24.270 26 0.05 2.5 2.5 125 

1.1 25 25 2::,940 24 0.05 2.5 2.5 21-t 

102 30 1208 21,770 21,380 II 20 77 15,480 

0.25 25 32 22,780 19 0.05 2.5 2.5 157 

ll3 33 1323 23.200 21,010 21 24 120 18.640 

0.73 26 34 23,110 57 0.16 2.5 '2.5 200 

39 19 467 II ,260 5,761 3.6 2.5 38 7.731 

7.6 24 28 22,080 34 0.05 2.5 2.5 1,306 

44 16 305 72,660 5,122 4.9 20 28 6,520 

1.3 26 32 25,200 122 0.29 2.5 2.5 236 

46 19 798 28,080 7,58-l 26 97 43 10,600 

1.9 29 39 24.140 85 1.1 2.5 2.5 32.:1 

40 12 233 30,740 3,123 1.3 9.2 20 5,865 

0.25 33 20 26,910 21 0.05 2.5 2.5 97 



Table 3-2 
Summary of Analytical Results for On-Impoundment Cover Soils 
Screening Ecological Risk Assessment for Richardson Flat Tailings 

. .) 
DRAFT 

Source StationiD llepth a~({::1~¢~~/«~4~«~:«~«W;~~~/ / ~"' -~:"~ ~.,.{:i ~~ v"'~ (;~~ d; (;~.. (;o~<f ~0~ "~ ~~ ~~ ~ .. ~ ~~ ~0' .,~"~ r:,~"" .,Jj/ ~ ~ .. ~ "'~(, 
RF-S0-01 N/A 21,200 

M RF-S0-02 N/A 25.300 a-
a-- RF-S0-03• NIA 2,960 
wi RF-S0-04 NIA 25.800 Od 
w RF-S0-05 N/A 22,000 

RF-S0-06 N/A 25,200 

RF-ON-IA 0-2 in na 

RF-ON-18 U-2 in na 

RF-ON-IC 0-2 in na 

RF-ON-ID 0-2 in na 

!WON-IE 0-2 in na 

RF-ON-IG 0-2 in na 

RF-ON-2A 0-2 in na 

RF-ON-28 0-2 in na 

RF-ON-2C 0-2 in na 

RF-ON-20 0-2 in na 

RF-ON-2E 0-2 in na 

RF-ON-2F 0-2 in na 

t: RF-ON-2G 0-2 in na 
0 RF-ON-2H 0-2 in na c. 
"' ~ RF-ON-2H 6-8 in 22,600 
;>., 

RF-ON-3A 0-2 in :s na 
c RF-ON-38 0-2 in na 0 

~ RF-ON-38 10-12 in n,4oo - RF-ON-JC 0-2 in 0 na 
0 
N RF-ON-30 11-2 in na 
0) 

c RF-ON-30 15-17 in 17,600 .:; 
u RF-ON-3E 0-2 in na 

~ RF-ON-3E 15-17 in 21,800 

RF-ON-3F U-2 in net 

RF-ON-3G 0-2 in na 

RF-ON-3H 0-2 in na 

RF-ON-31 0-2 in na 

RF-ON-4A 0-2 in na 

RF-ON-48 0-2 in na 

RF-ON-4(' 0-2 in na 

RF-ON-4C 8-10 in 18,900 

RF-ON-4D 0-2 in na 
RF-ON-40 8-10 in 21.600 

RF-ON-4E 0-2 in na 

RF-ON-4F 0-2 in na 
RF-ON-4F 5-7 in 21,900 

I a bit! .l-2 to ':\.4 Soils Data.xlsOn-lmpnd Cover So1b 
2.'1·1.'2002 

2.5 20.9 

2.5 3.5 

142 357 

2.5 5.9 

5.7 16.6 

5.6 8.9 

na 15 

na 9.1 

na 12 

na Ill 

na 20 

na 121 

na 13 

na 78 

na 7.8 

na 6.8 

na 44 

na 82 

na 12 

na 2.5 

2.5 6 

na 49 

na 50 

2.5 22 

na 6.2 

na 46 

10 46 

na 2.5 

1.5 7 

na 23 

na 12 

na 7.5 

na 9 

na 81 

na II 

na 12 

2.5 13 

na 6 

2.5 7 

na 7 

na 6 

2.5 8 

253 1.1 3 5,850 24.4 13.9 31.4 

282 I 1.8 5.900 27.9 12.7 24.8 

117 I 83 59,200 12.9 12.6 454 

267 I 1.9 5,900 22.2 IS 27.2 

317 1.1 5 9,480 24.3 14.5 50.4 

197 1.2 2.4 4.920 28.2 10 29.4 

na na na na na na na 

na na na na na na na 
na na na na na na na 

na na na na na na na 

na na na na na na na 

na na na na na na na 

na na na na na na na 
na na na na na na na 

na na na na na na na 

na na na na na na na 

na na na na na na na 

na na na na na na na 

na na na na na na na 

206 na 0.25 na 22.5 na 13.5 

na na I na 22 na 18 

210 na 6 na 24 na 99 

na na na na na na na 
na na I na 20 na 53 

na na na na na na na 

255 na 3 na 24 na 8 I 

na na 4 na 25 na 88 

360.5 na 0.25 na 20.5 na 19.5 

na na 0.25 na 24 na 25 

na na na na na na na 
na na na na na na na 

na na na na na na na 

187 na I na 20 na 25 

na na na na na na na 
na na na na na na na 

240 na I na 24 na 2S 

na na 4 na 21 na 37 

327 JHj 0.25 na 22 na 27 
na na 0.25 na 23 na 29 

na na na na na na na 
218.5 na 0.25 na 16 na 24 

na na 2 na 19 na 26 

21,800 Ill 4,910 1.190 0.055 20.7 4,730 0.305 4.1 136 0.35 41.4 214 

25.600 35 5.200 637 0.055 21.6 4,580 0.61 2 319 0.43 56.3 96 

67,300 5,770 10,100 2,020 3.6 18.5 917 25.4 20 209 41.7 13 10.000 

23,500 125 5.150 899 0.05 18.4 4,330 0.305 2 244 0.59 51.4 127 

27,500 223 4,780 1,030 0.055 21.3 4,540 0.305 2 248 1.9 57.4 432 
23,100 102 5,570 697 0.16 19.9 5.650 0.305 2 159 0.16 42.2 184 

na 37 na na na na na na na na na na na 
na 44 na na na na na na na na na na na 
na 163 na na na na na na na na na na na 
na 96 na na na na na na na na na na na 
na 336 na na na na na na na na na na na 
na 3,239 na na na na na na na na na na na 
na 49 na na na na na na na na na na na 
na 1,155 na na na na na na na na na na na 
na 19 na na na na na na na na na na na 
na 20 na na na na na na na na na na na 
na 905 na na na na na na na na na na na 
na 2,646 na na na na na na na na na na na 
na 59 na na na na na na na na na na na 
na 17 na na 0.05 na na 2.5 2.5 na na na 63 

24.400 43 na na 0.05 na na 2.5 2.5 na na na 148 

na 875 na na 0.7 na na 2.5 2.5 na na na 1,010 

na 851 na na na na na na na na na na na 
27,900 206 na na 0.16 na na 2.5 2.5 na na na 242 

na 15 na na na na na na na na na na na 
na 515 na na 0.44 na na 2.5 2.5 na na na 651 

28,800 634 na na 1.5 na na 2.5 2.5 na na na 845 

na 15 na na 0.05 na na 2.5 3 na na na 50 

25,100 33 na na 0.05 na na 2.5 3 na na na 87 

na 231 na na na na na na na na na na na 
na 23 na na na na na na na na na na na 

na 25 na na na na na na na na na na na 

na 127 na na 0.05 na na 2.5 2.5 na na na 209 

na 1.350 na na na na na na na na na na na 
na 63 na na na na na na na na na na na 
na 83 na na 0.21 na na 2.5 2.5 na na na 172 

22,100 140 na na 0.78 na na 2.5 2.5 na na na 273 

na 18 na na 0.05 na na 2.5 2.5 na na na 74 

29.000 17 na "" 0.05 na na 2.5 2.5 na na na 86 

na 20 na na na na na na na na na na na 
na 21 na na 0.05 na na 2.5 3 na na na 65 

25.400 47 na na 0.23 na na 2.5 3 na na na 427 
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Table 3-2 
Summary of Analytical Results for On-Impoundment Cover Soils 
Screening Ecological Risk Assessment for Richardson Flat Tailings 

\ 
. .....; 

DRAFT 

Source Station II> Depth ///:~yj.X¢~~ff~~hY:«~«~~«~/~~/ //~~~~~~/~~~~~~/~/~~~/~ 
RF-ON-4G 0-2 in na na 6 na na 

RF-ON-4G 5-7 in 26,100 2.5 8 na na 

t: RF-ON-4H 0-2 in na na 6 na na 
0 Rf'-ON-4H 6-8 in 24.700 2.5 8 na na 0.. 

" 0::: RF-ON-41 0-2 in na na 17 na na 
>, 

RF-ON-SA 0-2 in 13 £ na na na na 
c RF-ON-58 0-2 in na na 6 198 na 0 

~ Rf'-ON-58 16-18 in 18,400 2.5 2.5 na na - RF-ON-SC 0-2 in 0 na na 15 na na 
0 
N RF-ON-50 0-2 in na na 5 175 na 
0) 

"' RF-ON-50 10-12 in 26,100 2.5 5 na na :::1 --. 
u RF-ON-SE 0-2 in na na 2.5 na na 
~ Rf'-ON-5F 0-2 in na na 12 na na 0::: 

RF-ON-5G 0-2 in na na 20 na na 

RF-ON-5H 0-2 in na na 9.2 na na 
RF-ON-60 0-2 in na na 17 na na 

na = not analyzed 
All units are in mg/kg 
Non-detects "U" are evaluated at 1/2 the reported detection limit 
Concentrations presented are the arithmetic mean for each location. 

na 
0.25 

na 

0.25 

na 

na 

0.25 

0.25 

na 
0.15 

0.25 

na 
na 

na 

na 
na 

• Not representative of cover soils, sample location at uncovered tailings. 

1 able ~-2 to ':\-4 Sot h. f)ata xls0n-lmpm1 Covt:r So1b 
2 1 1~.2002 

na na na 
na 20 na 
na na na 
na 24 na 
na na na 
na na na 
na 21 na 
na 20 na 
na na na 
na 33 na 
na 39 na 
na na na 
na nn na 
na na na 
na na na 
na na na 

na na 20 na na na na na na na na na na na 

38 26,300 29 na na 0.05 na "" 2.5 2.5 na na na IOU 

na na 30 na na na na na na na na na na na 

28 26,800 28 na na (LOS na na 2.5 2.5 na na na 115 

m na 344 na na na na na na na na na na na 

na na 42 na na na na na na na na na ne na 

25 na 24 na na 0.05 na na 2.5 2.5 na na na 72 

21 19,600 19 na na 0.05 na na 2.5 2.5 na na na 60 

na na 159 na na na na na na na na na na na 

26 na 33 na na 0.05 na na 2.5 2.5 na na na 101 

26 35,800 13 na na 0.05 na na 2.5 2.5 na na na 74 

na na 15 na na na na na na na na na na na 

na na 25 na na na na na na na na na na na 

na na 333 na na na na na na na na na na na 

na na 52 na na na na na na na na na na na 

na na 135 na na na na na na na na na na na 
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Location 
Source 

Description 

Transect I -
North of the 

RFT Site 

t: 
0 
0. ... 
~ ... 
::c Transect 2-c 
0 South of the 
~ 
- RFT Site 
0 
0 

"' ... 
= ::l -. 
u 
~ 
~ 

Transect 3 -
South of the 

RFT Site 

Location 
Source 

Description 

... 
Q) ... 
..0-
E-5 
Q) "' t: Study Area Q. ~ g_ 
... Q) Boundary C/l-~ 
Uo 
~~ 

Table 3-2 to 3-..J Soils Data.xlsOff.Jmpnd S01ls 
2: 14.'2002 

Station ID 

RF-OF-TIA 
RF-OF-TIB 
RF-OF-TIC' 
RF-OF-TID 
RF-OF-TIE 
RF-OF-TIF 
RF-OF-TIG 
RF-OF-TIH 
RF-OF-T2A 
RF-OF-T2B 
RF-OF-T2C' 
RF-OF-T2D 
RF-OF-T2E 
RF-OF-T2F 
RF-OF-T2G 
RF-OF-T211 
RF-OF-T21 
RF-OF-T2J 
RF-OF-T3A 
RI'-OF-T3B 
RF-OF-T3C' 
RF-OF-T3D 
RI'-OF-T3E 
RF-OF-T3F 
RF-OF-T3G 
RF-OF-T3H 
RF-OF-131 
RF-OF-T3J 

Station ID 

SAB-1 
SAB-2 
SAB-3 
SAB-4 
SAB-5 
SAB-6* 
SAB-7 
SAB-8 

Table 3-3 
Summary of Analytical Results for Off-Impoundment Soils 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

"' E E 
·= = = '5 "' "' 

·;::: .. "' 't:l 
<'t = "' u 
28 na na 
12 na na 
8 199 I 

8.2 na na 
10.45 na na 

II na na 
9.1 na na 
10 na na 
44 na na 
13 na na 
156 na na 
243 na na 
238 na na 
15.5 225.5 1.5 
6.9 na na 
9 301 I 

7.5 na na 
7.4 na na 
8.8 na na 
47 236 43 
10 na na 
8 396 I 

6.4 na na 
7.8 na na 
6.9 na na 
7.1 na na 
9 na na 

7.4 na na 

0-2 inches 

"' ·= 't:l ... "' "' ... .. ..l 
<'t 
12 98 
14 135 
II 75 
12 144 
12 53 

167 3,625 
30 165 
23 63 

0-2 inches 

.§! .. ... E 
"' 't:l 

.. = .. e =- c "' "' "' ·= .. c Q =- "' .. N .a Q ..l "' "' := 
u :;; " rJJ 

u rJJ 

na na 523 na na na na 
na na 96 na na na na 
22 23 62 0.05 2.5 2.5 125 
na na 87 na na na na 
na na 63.5 na na na na 
na na 79 na na na na 
na na 44 na na na na 
na na 34 na na na na 
na na 551 na na na na 
na na 141 na na na na 
na na 4,073 na na na na 
na na 5,875 na na na na 
na na 5,364 na na na na 
21 39 191.5 0.05 2.5 2.5 273 
na na 19 na na na na 
31 26 62 0.05 2.5 2.5 107 
na na 57 na na na na 
na na 21 na na na na 
na na 58 na na na na 
21 112 1,070 3.2 2.5 2.5 1,800 
na na 78 na na na na 

20.5 34.5 69.5 0.11 2.5 2.5 158.5 
na na 17 na na na na 
na na 20 na na na na 
na na 31 na na na na 
na na 27 na na na na 
na na 25 na na na na 
na na 28 na na na na 

na =not analyzed 

All units are in mglkg. 

Non-detects "U" are evaluated <tl 112 the reported detection limit. 

Concentrations presented are the arithmetic mean for each location. 

-~ E E 
= = = ·s "' "' 

·;::: .. "' 't:l 
<'t = "' u 
24 na na 
10 na na 
9 188 I 

8.7 na na 
7.8 na na 
10 na na 
9.2 na na 
10 na na 
30 na na 
13 na na 

102 na na 
316 na na 
253 na na 
7 242 0.25 

8.2 na na 
7 305 0.25 

7.3 na na 
9.6 na na 
9.8 na na 
27 215 16 
7.2 na na 
7 410 I 
7 na na 

7.1 na na 
6.1 na na 
6.8 na na 
9.3 na na 
II na na 

• This sample respresents tailings and was excluded from the off-impoundment soils dataset. 

•·.\ 

J DRAFT 

1-6 inches 

.§! .. ... E 
"' 't:l 

.. = .. e =- = "' "' "' "' ·= .. = Q =- "' .. N .a Q ..l ... ... := 
u ::; " rJJ 

u rJJ 

na na 418 na na na na 
na na 106 na na na na 
21 25 92 0.05 2.5 2.5 165 
na na 65 na na na na 
na na 43 na na na na 
na na 50 na na na na 

na na 49 na na na na 
na na 31 na na na na 
na na 391 na na na na 
na na 100 na na na na 
na na 2,543 na na na na 
na na 6,265 na na na na 
na na 4,995 na na na na 
22 21.5 33.5 0.05 2.5 2.5 83.5 
na na 20 na na na na 
30 22 34 0.05 2.5 2.5 79 
na na 36 na na na na 
na na 58 na na na na 
na na 52 na na na na 
20 67 555 3 2.5 2.5 933 
na na 29 na na na na 
22 32 37.5 0.05 2.5 2.5 118 
na na 18 na na na na 
na na 18 na na na na 
na na 24 na na na na 
na na 27 na na na na 
na na 25 na na na na 
na na 66 na na na na 



) 

) 

DRAFT 

Table 3-4 
Summary of Analytical Results for Background Soils 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

A~*%~0~%~~/ ·~ # 1.) ~q, ~ ~ ~ ;\. 

Source Station ID ~'}~ cl; G~ Gl.)~ V'~ ~q,~ ~~q, ~~q, <\;~'"' 

RF-BG-BGI II na na na 

RF-BG-BG2 8.1 na na na 

RF-BG-BG3 8.6 na na na 
t 
0 
0. RF-BG-BG4 9.2 na na na <!) 

c:r:: 
~ 
..c RF-BG-BG5 11 na na na 
"E 
0 
2: 

RF-BG-BG6 7.0 - na na na 
0 
0 
N 
<!) 
c RF-BG-BG7 6.9 na na na 
:J ...., 
u RF-BG-BG8 14 265 1.0 20 
2: 
c:r:: 

RF-BG-BG9 6.7 na na na 

RF-BG-BG10 7.0 220 0.25 22.5 

RF-BG-BG II* 282 na na na 

na = not analyzed 
All units are in mg!kg. 
Non-detects "U" are evaluated at 112 the reported detection limit. 
All samples were collected at a depth of 0-2 inches. 

na 47 na 

na 26 na 

na 22 na 

na 25 na 

na 43 na 

na 30 na 

na 25 na 

29 84 0.2 

na 98 na 

15.5 30.5 0.1 

na 7,731 na 

For BG I 0, concentrations presented are the arithmetic mean of the field and duplicate samples. 
*This sample was collected near tailings and was excluded as a background soil. 

Table 3-2 10 3-4 Soils Data. xis: Backb't'Ound 
2. 14'2002 

na na na 

na na na 

na na na 

na na na 

na na na 

na na na 

na na na 

2.5 2.5 127 

na na na 

2.5 2.5 93 

na na na 



' ,JDRAFT 

Table 3-5 
Summary of Analytical Results for Surface Water Collected by E&E (1993) 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Station ID Location Description 

RF-SW-01 20.3 36.7 4.2 49.2 3.4 3.9 233 3.9 3 10 193 35.3 39 249 0.1 5.55 3.5 7.5 1.2 64 0.8 17.85 1,110 

RF-SW-02 s·l C k 70.1 24.8 5.2 54.6 2.8 1.65 157 3.9 3 10 158 18.8 37 495 0.1 25.4 2.1 7.5 1.2 25 0.8 17.85 2,080 
1 ver ree · upstream 1--+---+---+----+--+---+---+---t----t----i---+----+---t---+---+--t--+--+---t--+--+---+----l 

RF-SW-03 of south diversion ditch 19.3 24.3 7.3 50.5 2.1 1.65 128 3.9 3 10 307 15 31 458 0.1 5.55 1.6 7.5 1.2 21 0.8 17.85 769 

RF-SW-04 65.5 38.7 7.6 54.4 2.1 3.5 149 3.9 I 0.4 I 0 356 36.4 34 438 0.1 5.55 2.0 7.5 1.2 26 0.8 17.85 776 

RF-SW-05 

RF-SW-06 

RF-SW-07 

Silver Creek 
downstream of south 

diversion ditch 

8.55 12.15 7.2 65.6 2.4 1.65 163 3.9 

185 30.1 12.5 66 0.93 1.65 146 3.9 

36.7 12.15 5.7 32.7 3.2 1.65 341 3.9 

3 10 279 151 37 269 0.1 5.55 1.3 7.5 1.2 26 0.8 17.85 466 

3 10 446 33.2 38 399 0.1 5.55 1.4 7.5 10 28 0.8 17.85 321 

3 I 0 703 33.3 61 9,230 0.24 12.8 3.2 7.5 5 51 0.8 17.85 64.2 
South Diversion Ditch 1--+---+---+----+--+---+---+---t----t----i---+----+---t---+---+--t--+--+---t--+---t---t----l 

RF-SW-08 319 12.15 11.4 54.3 

All units are in ug/L unless specified. 

Concentrations presented are the arithmetic mean at each station. 

Assumed to represent total recoverable concentrations. 

Non-detects "ll" are evaluated at I 12 the reported detection limit. 

Table 3-5 to 3-8 SW Data.xls: E&E 
2/14/2002 

1.65 190 3.9 3 20 I ,320 146 38 I ,590 0.1 20.9 1.2 7.5 5 30 0.8 17.85 745 



DRAFT 

Table 3-6 
Summary of Analytical Results for Surface Water Collected by USEPA (2001) for the Silver Creek Watershed 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

/NORGANICS 

General Location Station 10 Location Description 

USC-7 
Silver Creek above Silver Maple Claims 

Silver Creek- USC-6 
Silver Creek below Silver M<:~ple Claims 

upstream Silver Creek ahove Richardson Flats; at old north 
lJSC-5 road to site 

Silver Creek at Richardson Flats; upstream of RR 
lJSC-3 tressel 

South Diversion 

Ditch USC-~ 
Richardson Flats diversion dllch 50' 

Silver Creek below Richardson Flat: at ll248 
Silver Creek- liSC-2 ~ulvert 

downstream Silver Creek below RicharJ,on Flat; at li24S rail 
lJSC-1 tres!:.el 

USC-7 
Sllvt:r Cre~k above Silver Maple Claims 

Si I ver Creek - liSC-6 
Silver Creek below Sliver Maple Claims 

upstreanl Silv~r Creek <Jbove Richardson Fl"ts; ilt old north 

USC-5 road to sitt: 

Silver Creek at Richardson Flats; upstream of RR 
USC-3 tressel 

South Diversion 
Richardson Flats d1vers10n ditd1 50' 

Ditch USC-4 

Silver Cree~ below Richardson Flat: at I 1248 
Silver Creek- USC-2 culvert 
d\)Wnstream Silver C'reek below Richardoon Flat: at U248 rail 

USC-I tressel 

na = not an<.~lyzed 

Concentralions presented are the arithmc1ic mean at each :.tauon. 

All umts ate m U!;'L unless o1hen~ isc noteJ. 

Non-detet:t:. "ll" are e\'aluated Jt 112 1he reponed detection limit. 

l.thlr.)-)1\'.>KSWDJt:t>.l, W.ttl·r.-.lh.:d 

2!421111::: 

,) ... ~ ~' .,.,,) ,)' " -~ .,< {I> ~ ..... ,) ~ {!>.. ,)< -~ ~ .,) ,.< ,)~ ~ "' A!(~ I(~~ '1Y~~N'~~;:j~~~~~ A~~~::is ~'o~ ~""' cl~ c,~'-'9 c,~"'~ (.,""~•'!/ ..,.._., ...,~ ~,.~"' ~~ ~,.<-~ ~.,<"' ~.,.._,..,"~~ ~~"'~ .:,~.:;. ~J>' ~~ <\,}>~ 

25 3.3 3.1 2.6 na 4.4 5.8 92 2.3 na 315 0.004 na 2.5 2.1 na 765 

25 II 5.9 2.0 na 5.0 2.5 50 2.5 na 465 0.003 na 2.5 2.5 na 78~ 

"0 
25 7.0 u 1.8 na 5.0 4.8 85 2.5 na 410 na na 2.5 2.5 na 1.475 

" ;.. 

~ 73 6.3 6.3 1.5 na 5.0 :::!.5 50 2.5 na 197 na na 2.5 2.5 na 710 

0 
25 2.5 2.5 1.~ na 15 2.5 50 2.5 n;.l 2.393 0.001 na 2.5 2.5 na 55 

25 5.5 4.8 1.5 na 5.0 2.5 190 7.3 na 210 na na 2.5 2.5 na 520 

25 7.0 4.5 1.8 na 5.0 2.5 50 2.5 na 393 0.002 na 2.5 2.5 na 7111 

5.672 25 32 12 106 18 169 9,986 669 23 336 0.2~ 3.0 10 12 139 2,140 

1.369 196 406 49 149 8 616 44,81H 9,250 26 465 0.46 3.7 II 38 142 10.615 

" :0 
6,145 68 !50 24 135 16 489 29,588 4.257 31 440 0.45 1.8 6.5 18 96 5,474 :::: 

" 6 
u 40 7.3 6.7 2.8 125 5.0 4.0 240 31 35 207 na 1.0 2.5 2.5 51 7H7 
" 0:: 

'" 25 2.5 3.7 1.8 298 5.0 3.7 50 5 62 2,273 0.00 1.8 2.5 2.5 48 82 0 
1-

5.146 62 113 25 142 17 256 21,565 2,955 3H 200 0.22 1.8 5.0 21 49 4,933 

4.341 57 137 17 146 13 279 26,638 3,43'! 38 403 0.18 I.H 5.9 17 56 4.159 
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Table 3-7 

Summary of Analytical Results for Surface Water Collected by UPCM 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Mean Cone Range 
Station ID Location Description Analysis Type Parameter Cone (Min-Max) Sampling Date Range* 

Dissolved 
Lead 20 na 06-May-87 

Zinc 560 na 06-May-87 

Copper 126 4- 390 27-Jun-96 to 25-Sep-98 

Cyanide 4.2 2 -54 29-Apr-82 to 09-Sep-87 

N4 
Silver Creek upstream of 

Total 
Lead 744 5 - 26,000 29-Apr-82 to 25-Sep-98 

diversion ditch Manganese 284 27 - 1,300 29-Apr-82 to 25-Sep-98 

Mercury 64 0.1 - 2,000 29-Apr-82 to 25-Sep-98 

Zinc 1059 280-2,800 06-May-87 to 25-Sep-98 

Water Quality 
TDS (mg/L) 631 260 - 1,053 29-Apr-82 to 09-Sep-87 

TSS (mg/L) 4 na 06-May-87 

Dissolved 
Lead 8.5 na 06-May-87 

Zinc 760 na 06-May-87 

Copper 6.2 4 - 13 27-Jun-96 to 25-Sep-98 

Cyanide 4.5 2 - 34 29-Apr-82 to 09-Sep-87 

N5 Diversion Ditch Total 
Lead 43 5 - 100 29-Apr-82 to 25-Sep-98 

Manganese 3,004 45 - 61,000 29-Apr-82 to 25-Sep-98 

Mercury 2.2 0.1 - 2.5 29-Apr-82 to 25-Sep-98 

Zinc 394 36 - 1,200 06-May-87 to 25-Sep-98 

Water Quality TDS (mg/L) 1,404 566-2,016 29-Apr-82 to 09-Sep-87 

TSS (mg/L) 2 na 06-May-87 

Dissolved 
Lead 25 na 06-May-87 

Zinc 370 na 06-May-87 

Copper 6.0 4 - II 27-Jun-96 to 25-Sep-98 

Cyanide 2.4 2 - 7 29-Apr-82 to 09-Sep-87 

N6 
Silver Creek downstream 

Total 
Lead 107 5 - 1,000 29-Apr-82 to 25-Sep-98 

of diversion ditch 
Manganese 301 57 - 930 29-Apr-82 to 25-Sep-98 

Mercury 51 0.1 - 2,100 29-Apr-82 to 25-Sep-98 

Zinc 759 330 - 1,600 06-May-87 to 25-Sep-98 

Water Quality TDS (mg/L) 742 629-915 03-Sep-86 to 09-Sep-87 

TSS (mg/L) 4 na 06-May-87 

*Although UPCM has conducted sampling since 1975, pre-1982 data were not available for review at the time of the SERA. 
All units are in ug/L unless otherwise noted. 

na =not applicable (only one date sampled) 

Non-detects "U" are evaluated at I /2 the reported detection limit. 

Table 3-5 to 3-8 SW Data.xls: t..:PCM 
2114<2002 
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Table 3-8 
Summary of Analytical Results for Surface Water Collected by RMC 

Screening Ecological Risk Assessment for Riclwrdson Flat Tailings 

INORGANICS 

General Location Station ID £~;(~~~f:{;(~/#~I!~P1(/;{/ A~:l:;is ¥:~~13 ~ .. i.~ ... ~i·" (;"'~~ ... (;~i;> ~~v (;~0<$' (;o~~i. .... (;4."'~ , .... o~ vi."'b- ~.,.ot I§' ~.,.~0: ~i. ..... ~ "o""""~~ '-:J~i.~~ 'b~i. .... G ~~ "'~'"' 
RF-7 25 

Silver Creek -upstream 
RF-7-2 51 

Silver Creek - RF-8 33 

downstream RF-8-2 na 

RF-2 108 

RF-4 35 

RF-5 '0 31 " South Diversion Ditch ;> 

RF-5-4 ~ 47 

RF-6 i:S na 

RF-6-2 33 

Ponded Water RF-9 na 

RF-10 na 

linnamed Drainages- RF-1 298 

Background RF-3 na 

RF-3-2 46 

RF-7 25 
Silver ('reek -upstream 

RF-7-2 65 

Silver Creek- RF-8 81 

downstream RF-8-2 na 

RF-2 370 

RF-4 " 106 :0 
RF-5 

~ 
73 " South Diversion Ditch ;> 

0 
RF-5-4 u 261 

" 
RF-6 

0:: 
--;; na 

RF-6-2 0 83 t-

Ponded Water RF-9 na 

RF-10 na 

Unnamed Drainages- RF-1 939 

Back~round RF-3 na 

RF-3-2 483 

na =-=- not analyzed 
Concentrations presented are the arithmetic mean at each ~tat ion. 
All units are in ug/L. unless otherwisl! noted. 
Nun-detects "ll" are evaluated at I '2 the reported detection limit. 

Tahle 3-.'i to .3-H SW Data.:ds: Ri\.1(' Tot D1ss 
2:1-1'2(102 

8.0 

6.2 

6.6 

na 

6.3 

2.5 

3.1 

2.5 

na 

2.5 

na 

na 

2.5 

na 

6.7 

11.0 

9.5 

8.4 

na 

4.3 

2.5 

3.6 

4.3 

na 

3.3 

na 

na 

2.5 

na 

4.8 

7.4 74 2.2 na 7.5 4.2 

6.1 93 2.0 145 6.6 5.0 

6.0 88 1.4 324 7.3 4. I 

10.0 180 2.0 na 10.0 5.0 

7.1 170 0.5 na 7.5 7.8 

4.5 94 0.5 na 6.1 5.4 

4.3 79 0.5 na 6.0 5.2 

4.8 na 0.5 na 5.0 9.8 

6.5 81 0.9 157 7.7 5.0 

3.9 210 0.6 na 6.8 4.6 

10.0 130 0.5 na 10.0 5.0 

10.0 250 0.5 na 10.0 5.0 

6.3 150 0.5 na 7.5 7.8 

10.0 160 0.5 na 10.0 5.0 

7.2 na 0.3 na 5.0 9.5 

8.1 78 3.2 122 7.5 8.0 

7.4 99 3.3 131 6.1 5.9 

8.5 93 2.3 134 6.3 7.0 

10.0 170 3.0 102 10.0 5.0 

6.9 180 0.5 56 7.5 8.5 

4.6 76 0.9 145 5.0 6.5 

4.1 82 0.5 221 5.5 6.2 

5.3 na 1.5 133 5.0 10.3 

6.2 88 1.1 250 11.6 5.0 

71.5 220 0.6 277 6.4 5.9 

10.0 140 0.5 82 10.0 5.0 

21.0 260 0.5 60 10.0 5.0 

6.3 160 0.5 37 7.5 7.5 

10.0 170 0.5 56 10.0 5.0 

H.7 na 0.3 29 3.3 10.2 

na 50 2.5 na 400 0.25 na 2.5 4.4 na 28,403 

na 58 3.5 40 442 0.13 na 2.3 3.8 na 922 

na 135 3.6 70 986 0.09 na 2.4 3.9 na 585 

na na 2.5 na na 0.25 na 2.5 5.0 na 850 

na 125 3.1 na 20 0.20 na 2.3 3.8 na 49 

na 44 2.9 na 216 0.13 na , , 
3.3 na 794 ---

na 41 2.5 na 242 0.12 na 2.2 3.5 na 325 

na 50 2.5 na 345 0.16 na 2.0 2.5 na I ,550 

na 38 2.5 43 2816 0.25 na 2.6 4.4 na 249 

na 65 2.9 na 4222 0.06 na 2.1 3.4 na 57 

na na 2.5 na na 0.25 na 2.5 5.0 na 29 

na na 9.0 na na 0.25 na 2.5 5.0 na 9 

na 240 3.6 na 3 0.14 na , ' 
~--' 3.8 na 36 

na na 2.5 na na 0.25 na 2.5 5.0 na 24 

na 50 3.3 na 19 0.14 na 2.0 2.5 na 42 

na 15,195 56.0 35 390 0.25 2.3 2.5 4.4 71 32,807 

2 341 29.6 34 378 0.19 2.5 3.2 7.4 58 1,011 

2 531 40.2 36 977 0.16 2.6 2.4 4.1 55 740 

na na 28.0 na na 0.25 2.0 2.5 5.0 76 850 

na 370 4.2 13 26 0.22 2.7 2.3 3.8 31 54 

na 87 2.5 32 232 0.21 1.5 2.2 3.3 27 862 

na 159 2.9 51 272 0.18 1.6 2.0 5.8 33 403 

na 305 2.5 29 345 0.17 1.8 2.0 2.5 37 1,630 

2 281 16.0 59 3222 0.23 2.0 3.0 4.4 44 333 

na 174 4.1 61 4049 0.09 2.7 3.4 3.7 46 131 

na na 2.5 20 na 0.25 6.2 2.5 5.0 177 II 

na na 23.0 17 na 0.25 2.0 2.5 5.0 47 69 

na 625 3.1 9 10 0.1-t 1.7 2.3 3.8 16 38 

na na 2.5 14 na 0.25 2.0 2.5 5.0 32 17 

na 300 4.8 7 23 0.15 2.6 2.0 2.5 53 53 
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Table 3-9 
Summary of Analytical Results for Sediments 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Source Station ID Station Location D~th 

"' 
RF-SE-01 N/A 

"' "' RF-SE-02 N/A - South Diversion Ditch Wr:tlands wJ 
o(j RF-SE-03 N/A 
Ul 

RF-SE-04 N/A 

0 USC-I 
Silver Creek below Richardson 0-12 inches 

0 Flat; at U248 rail tressel 
~ surface 
:.0 

" ~ USC-2 
Silver Creek below Richardson 0-12 inches 

E- Flat: at U248 culvert 
"'- surface Vlo 

""2~ 
Silver Creek above Richardson 0-12 inches -" . 

USC-5 tci: Flats: at old north road to site 
-u.~ surface 
;~ 
.><~ Silver Creek below Silver Maple 0- J 2 inches 
"' LISC-6 
~ Clmms 
u surface 
~ 

" 2: S1Iver Creek above Silver Maple 0-12 inches 
Vi LISC-7 

('(alms 
surfnce 

;., 
:;:: RF-SD-SDI 0-6 mches 
c 
0 

RF-SD-SD2 0-6 inches :::;< 

- t: 
0 0 RF-SD-SD3 0-6 inches 0 0. SoUih Diversion Djtch 
"' " OJO:: RF-SD-SD4 0-6 inches " ..:; 
u 
:::;< 

RF-SD-SD5 0-6 inches 

0:: RF-SD-SD6 0-6 llh..:ht~ 

N A = not available 

nu = not analyzed 

All units are in mg. kg. 

Non-detects "ll" are evaluated at I 2 the reported detection limit. 

Concentrations presemed <He the arithmetic medii at each sampling location. 

l.!hlc•1-•J:OO.c•t\\),!l,\\l,:-.ull\lll;ll}:-.c·,J 

::! J -1 ::!(10~ 

~..f(~?f~f{:(~;{~~f{f(~x{;{:{4&/ .,<> ·,.<- ~ ~ .. ~ ·"> .. ~ . * .,.. .,..... ')o(i ~..., :.. ·~ .,:. ~ .,:. r;.-> 
>tl~ ~.,.,<> ~i..... 'If .. ~ ci>~ c,~'-"' " ......... ~ c,~')' c,"~(/ ..,..,.,<> v-')o?> ~')o-t ~iii! ~i" .;;; ... ;;-"' ~.,.._<i> .. .,~l' ':>~:•"'" .,1'.. ..,...,.$">' .::..·•<>"" fl 

28.550 97.85 165 283.5 2.25 84.35 45,300 60.05 16.7 648 37,100 6,365 14.100 4,080 7.05 50.65 4,760 12.2 34.75 513.5 7.45 68 13,950 

1,9311 85.4 189 92.1 1.2 52.8 56.300 15.8 5.8 183 31,100 3,010 13,800 2,200 2.7 37.75 886 I 1.4 10.7 206 13.6 9.5 8,160 

4,530 99 310 157 1.1 64.9 51,000 14.9 19.3 313 91,900 5,220 I 1.900 2,330 2.4 113 1120 43.1 16.3 634 7.8 17.8 11,200 

11.800 40.1 189 562 2.3 40.3 96.000 25 10.4 190 64.400 2.350 10,900 42,000 1.3 na 2710 12 8 II SO 6.6 28.4 5.400 

II ,250 122 "2 na na 29 na 30 na 602 65,540 5,960 na na 0.44 na na II 28 na na na 6,796 

9,969 140 341 na na 50 na 21 na 766 66,340 11,130 na na 0.11 na na II 49 na na na 11.730 

11.590 137 271 na na 58 na 32 na 588 55,160 6.942 na na 0.25 na na 10 40 na na na 11,950 

8,943 97 177 na na 37 na 26 na 430 30.900 4,861 na na 0.18 na na s 35 na na na 6,780 

15,220 76 203 na na 19 na 31 na 563 47,710 5,794 na na 0.41 na na s 19 na na na 6.624 

9.308 175 393 na na 65 na 22 na 1380 69,730 11.190 na na 0.49 na na 16 48 na na na 12,270 

3.181 889 1735 na na 179 na 12 na 2559 110,700 42,990 na na 1.6 na na 26 136 na na na 44,560 

4,930 232 669 na na 104 na 15 na 1115 156,800 12,440 na na 0.18 na na 32 81 na na na 15,880 

14,720 64 105 na na 28 na 42 na 450 27.170 2,656 na na 0.83 na na s 20 na na na 4.619 

12,630 39 54.5 na na 20.5 na 34.55 na 349.8 20,560 981 na na 0.25 na na 24.75 27.165 na na na 3,281 

4.850 72 I So na na 73 na 18 na 280 39,900 3,490 na na 1.6 22.5 na 8 25 na na na 12,000 

6.450 53 119 na na 50 na 16 na 200 32,600 2,330 na na 0.77 s 1.5 na 2.5 16 na na na 8,780 

10.500 36 125 na na 35 na 21 na 173 28,600 1,880 na na 0.32 12.05 na 2.5 13 na na 11<1 6.800 

7,480 65 205 na na 51 na 18 na 260 33.200 2.840 na na 1.2 18 na 6 19 na na na 9,140 

8.445 95 111.5 na na 38 na 18 na 254.5 23,050 2,655 na na 0.975 27.25 na 3.75 20 na na na 7.510 

20.600 63 101 na na 18 na 30 na 211 27,000 2,280 IHl na 1.5 1.325 na 2.5 14 na na na 2.9411 
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Table 3-10 
Summary of Analytical Results for Groundwater Monitoring Wells 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Station Location 

Analysis 
Station ID MW-01 Type 

Sampling Dates 4129182 to 9125198 

Aluminum 15-49.6 

Antimony 2.5 - 40.5 

Arsenic 2.5-3.6 

Barium 64- 104 

Beryllium 1.8- 5 

Cadmium 2.5- 3.3 

Calcium 254- 196,000 

Chromium 2.5- 7.8 

Cobalt 6- 10 

Copper 2.5-20 

-a Cyanide na .. 
Iron 62.6- 376 .. 

~ Lead 2.2- 570 
Q 

Magnesium 56- 41.800 

Manganese 10- 33.000 

Mercury 0.05-0.2 

Nickel 15-24.9 

Potassium 5,530 - 5,530 

Selenium 2.5- 15 

Silver 2.5- 10 

Sodium 42- 35,700 

Thallium 1.6-50 

Vanadium 5-35.7 

Zinc 2.5 -250 

Aluminum 2690 - 80,700 

Antimony 2.5 - 24.3 

Arsenic 5.2-76 

Barium 99.6- 1,534 

Beryllium 3.4- 3.4 

Cadmium 3.3-42 

Calcium 352- 191,000 

Chromium 7.8-95 

Cobalt 7.5-46 

.. Copper 4- 1583 
:E :: Cyanide 2-280 .. .. Iron 3,180- 126.000 0 ... .. Lead 15.6-588 a: 
-; Magnesium 88-44,200 
0 ,.. 

Manganese 17-2,230 

Mercury 0.1-0.7 

Nickel II. I - 88 

Potassium 6.060 - 6.060 

Selenium 2.5- 15 

Silver 2.4- 2.5 

Sodium 44-38.100 

Thallium 1.6-50 

Vanadium 35.7- 262 

Zinc 99.5- 650 

na - not available 
Range presented is the minimum to the maximum. 
Non-detects are evaluated at 1/2 the detection limit. 
All units are in ug/L. 

Table 3-10 GW Data.xls: GW Cone Ranges 
2/14/2002 

Monitoring wells below main embankment 
~ 

MW-03 MW-04 MW-05 MW-06 

4129/82 to 912 5198 611182 to 9/25198 6/1/82 to 9/25198 4129182 to 9125/98 

na na na 15-68.5 

na na na 2.5- 35.9 

na na na 8.8-9 

na na na 46.2- 99 

na na na 3.7- 5 

na na na 2.5- 3.3 

na na na 307 - 365,000 

na na na 2.5-7.8 

na na na 6-67 

na na na 2.5- 20 

na na na na 

na na na 2170-14.800 

5-62 5- 110 5- 140 2.2- 56 

na na na 70- 55,000 

720- 7,700 2.000 - II ,000 700- 15,000 490-9,990 

na na na 0.05 - 0.2 

na na na 15-28.9 

na na na 3010-3010 

na na na 2.5- 15 

na na na 2.5- 10 

na na na 52-49700 

na na na 1.6-50 

na na na 5-35.7 

17- 170 30-470 4- 1.900 4-210 

na na na I ,630 - 4,920 

na na na 28.4- 63 

na na na 11.3 - 349 

na na na 58.3 - 2665 

na na na 4.9-5 

na na na 3.3- 16 

na na na 314-318.000 

na na na 7.8-42 

na na na 9-80 

4- 12 4- 15 4- 15 4- 190 

0.4- 25 4-99.000 0-350 2-4.600 

na na na 3.190 - 26,300 

17- 120 17-400 17-430 8.5- I ,080 

na na na 72- 52,500 

370- 6,600 230- 12.000 270- 16.000 130- 10.400 

0.1 -2.5 0.1 -2.5 0.1-2.5 0.1-2.5 

na na na 25.6- 30 

na na na 3,290- 3,290 

na na na 2.5- 15 

na na na 3.3- 17 

na na na 54-486 

na na na 1.6-50 

na na na 17-35.7 

na na na 92.5- 2. 790 

DRAFT 

Upgradient 
monitoring well 

RT-1 

911185 to 8/1192 

15- 191 

2.5- 33.2 

2.5-3.6 

76- 93.9 

0.9- 5 

2.5-3.3 

47- 43,500 

2.5- 7.8 

2.5-6 

2.5- 171 

na 

5- 151 

15-40.9 

8.8- 908 

II - 19.5 

0.05- 0.2 

II. I- 15 

1360- 1.360 

2.5- 3 

2.5- 10 

16- 16.800 

1.6-50 

5- 35.7 

6-20.1 

1,040- 15.700 

2.5- 24.36 

2.5- 3.7 

83- 196 

1.3- 5 

2.5-3.3 

45- 42.200 

2.5- 10.5 

2.5- II 

2.5-30 

5-5 

955- 14.100 

15-627 

909- 12.200 

20- 162 

0.05- 0.2 

13- 15 

1.390- I ,390 

2.5- 3 

2.4- 2.5 

16- 16.100 

1.6-50 

5- 35.7 

2.5- 136 



Ta~-11 
Summary of Analytical Parameters Across Media Types and Sampling Programs 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Analytes Tailings 
Background 

Aluminum 2 NONE 
Antimony 2 NONE 

Arsenic 2;4 2 
Barium NONE 2 

Beryllium NONE NONE 
Boron NONE NONE 

Cadmium 2;4 2 
Calcium NONE NONE 

Chromium 2 2 
Cobalt NONE NONE 
Copper 2;4 2 
Cyanide NONE NONE 

Iron 2 NONE 
Lead 2;4 2 

Magnesium NONE NONE 
Manganese NONE NONE 

Mercury 2;4 2 
Nickel NONE NONE 

Phosphorus NONE NONE 
Potassium NONE NONE 
Selenium 2 2 

Silver 2;4 2 
Sodium NONE NONE 

Thallium NONE NONE 
Vanadium NONE NONE 

Zinc 2;4 2 
Key to Sources 
I = USEPA (200la) Watershed Study 
2 = RMC (2001 c) Monthly Monitoring Data 
3 = E&E (1993) 
4 = USEPA (1991) 
5 = STORET 
6=UPCM 
7 = RMC (2000a) 

Table 1-11 Analyte Summary by Media.x\sSheet~ 

Soil Groundwater 

Off- On- Sediment 

Impoundment Impoundment 
Dissolved Total 

NONE 2;3 I; 2; 3 2;3; 7 2;3·7 
NONE 2;3 I; 2; 3 2·3·7 2·3;7 

2 2·3 I; 2; 3 2;3; 7 2·3· 7 
2 2;3 3 3; 7 3; 7 

NONE 3 3 3; 7 3;7 
NONE NONE NONE NONE NONE 

2 2;3 I• 2•3 2; 3; 7 2;3;7 
NONE 3 3 3; 7 2;3;7 

2 2·3 I; 2; 3 2;3· 7 2·3· 7 
NONE 3 3 3; 7 3· 7• 

2 2;3 I· 2; 3 2;3;7 2; 3; 7 
NONE NONE NONE NONE 7 
NONE 2; 3 I; 2; 3 2; 3; 7 2·3;7 

2 2· 3 I; 2; 3 2;3;7 2; 3; 7 
NONE 3 3 3; 7 2;3;7 
NONE 3 3 2;3;7 2; 3; 7 

2 2;3 I; 2; 3 2;3·7 2;3·7 
NONE 3 3 3·7 3;7 
NONE NONE NONE NONE 2 
NONE 3 3 3;7 2;3;7 

2 2;3 I; 2; 3 2;3·7 2·3;7 
2 2· 3 I; 2; 3 2;3· 7 2· 3·7 

NONE 3 3 2; 3; 7 2·3;7 
NONE 3 3 3; 7 3·7 
NONE 3 3 3;7 3·7 

2 2;3 I; 2; 3 2;3·7 2;3;7 

Surface Water 

Dissolved Total 

I; 2; 5; 6 I; 3· 2· 5; 6 
I; 2; 6 1;3;2;6 

I; 2· 5; 6; 7 ]· 2; 3; 5; 6; 7 
5;6;7 3·5;7 
NONE 3 

5 NONE 
I; 2; 5; 6; 7 1;2;3·5·6;7 

5;6 I; 2; 3· 6 
I; 2· 5· 6; 7 I; 2· 3· 5· 6· 7 

NONE 3 
I; 2; 5; 6; 7 1;2;3;5;6;7 

NONE 5·6 
1· 2· 5· 6 1·2·3;5·6 

I; 2; 5; 6; 7 1;2·3·5·6·7 
5;6 I; 2; 3; 6 

I; 2; 5; 6 1; 2; 3; 5; 6 
1• 2• 5· 6; 7 1; 2· 3; 5; 6; 7 

NONE 3 
5 2; 5 
5 I; 2; 3; 6 

]· 2• 5· 6; 7 1;2·3;5;6;7 
I· 2; 5· 6· 7 I· 2· 3· 5; 6; 7 

5 I; 2; 3; 6 
NONE 3 
NONE 3 

I; 2; 5; 6· 7 I; 3; 5; 6; 7 
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Table 4-1 
Summary of Soil Cover Thickness for On-Impoundment Soils 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Sample ID Soil Cover Thickness 
RF-ON-lA No Tailings 
RF-ON-lB No Tailings 
RF-ON-lC 15 inches (mixed tailings below) 
RF-ON-lD 15.6 inches 
RF-ON-lE 7.2 inches 
RF-ON-lG 14.4 inches 
RF-ON-2A No Tailings 
RF-ON-2B No Tailings 
RF-ON-2C 18 inches 
RF-ON-2D 18 inches 
RF-ON-2E 15 inches 
RF-ON-2F 48 inches 
RF-ON-2G No Tailings [cover soil to 11 feet} 
RF-ON-3A No Tailings 
RF-ON-3B 12 inches 
RF-ON-3C 10.8 inches 
RF-ON-3D 19.2 inches 
RF-ON-3E 24 inches 
RF-ON-3F 13.2 inches 
RF-ON-3G 30 inches 
RF-ON-3H 6 inches 
RF-ON-3I No Tailings [cover soil to 18 inches} 
RF-ON-4A 3 inches 
RF-ON-4B 7.9 inches 
RF-ON-4C 9.6 inches 
RF-ON-4D 9.6 inches 
RF-ON-4E 12 inches 
RF-ON-4F 8.4 inches 
RF-ON-4G 7.2 inches 
RF-ON-4H 6 inches 
RF-ON-4I No Tailings [cover soil to 18 inches} 
RF-ON-5A No Tailings 
RF-ON-5B 15 inches 
RF-ON-5C No Tailings 
RF-ON-5D 12 inches 
RF-ON-5E No Tailings 
RF-ON-5F 7.2 inches 
RF-ON-5G No Tailings 
RF-ON-5H No Tailings 
RF-ON-6D No Tailings 

Soil cover samples collected in May 200 I. 

Table 4-1 On-Site Soil Cover.xls: Site Cover Thickness 
2114i2002 

DRAFT 
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Table 4-2 
Screening Benchmarks for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Chemical achronic bchronic 

Aluminum Not Hardness Dependent 

Antimony Not Hardness Dependent 

Arsenic Not Hardness Dependent 

Barium Not Hardness Dependent 

Beryllium Not Hardness Dependent 

Boron Not Hardness Dependent 

Cadmium 0.7409 -4.719 

Calcium Not Hardness Dependent 

Chromium Not Hardness Dependent 

Cobalt Not Hardness Dependent 

Copper 0.8545 -1.702 

Cyanide Not Hardness Dependant 

Iron Not Hardness Dependant 

Lead 1.273 -4.705 

Magnesium Not Hardness Dependent 

Manganese Not Hardness Dependent 

Mercury Not Hardness Dependent 

Nickel 0.8460 0.0584 

Potassium Not Hardness Dependent 

Selenium Not Hardness Dependent 

Silver 1.72 -6.52 

Sodium Not Hardness Dependent 

Thallium Not Hardness Dependent 

Vanadium Not Hardness Dependent 

Zinc 0.8473 0.8840 

NA- not a\ailable 

SURFACE WATER AWQC NOTES: 

AIVQC Source: EPA 822-Z-99-001 

Cadmiwn A WQC Source: EPA-822-R-01-00 I 

Total Selemwn CMC Source: EPA-820-B-96-001 

For A WQC \·alues that are hardness dependent: 

AWQCTotal 
CCC (ug/L) 

Chronic 

87 

NA 

150 

NA 

NA 

NA 

0.5 

NA 

11.0 

NA 

17.7 

5.2 

1,000 

5.4 

NA 

NA 

0.77 

97.7 

NA 

5.0 

0.6 

NA 

NA 

NA 

225.6 

AWQC Total~hwmc"" exp(J,.:bn·u 1c *ln(Hardness)+b,hr.•u~~:l 

AIVQC Dissol,·ed.o,mru' ~ A\VQC Total• [m-n•(ln(Hardness)] 

mchronic "chTonic 

1.0 0 

1.0 0 

1.102 0.0418 

0.860 0 

0.960 0 

1.0 0 

1.0 0 

1.462 0.1457 

0.850 0 

0.997 0 

0.922 0 

0.850 0 

0.986 0 

Chromium VI AWQC Dissolved used because the screening value is lower than Chromiwn Ill. 

Seleruum A \VQC dissolved based on total metals. 

AWQC AWQC Upper 

Dissolved CCC Hardness Umits 
(ug/L) (mg/L as CaC03) 

Chronic Chronic 

87 --

NA --

150 --

NA --

NA --

NA --

0.4 209 

NA --

9 --

NA --

17 211 

5 --

1000 --

4 151 

NA --

NA --

I --

97 210 

NA --

5 --

0.5 --

NA --

NA --

NA --

222 211 

Sil\'er A WQC chronic Yalue not available; acute values adjusted by a factor of 100 were used for chron1c m the screen . 

For table presentation, hardness-dependent \alues are calculated using an a\·erage RFT Site hardness of -+66 mgtl.. 

Sediment 
·Benchmark 

(mg!kg) 

13,500 

2 

9.79 

NA 

NA 

NA 

0.99 

NA 

43.4 

NA 

31.6 

NA 

NA 

38.5 

NA 

631 

0.18 

22.7 

NA 

NA 

0.73 

NA 

NA 

NA 

121 

If measured station hardness is outside of the specified upper hardness limLIS, the applicable upper hardness lumt \\111 be used to calculate the ...\ WQC. 

SEDIMENT BENCHMARK SOURCES: 

a Ingersoll et al.. 199b 

b MacDonald et al., 2000 

S..:rct.1m1g &m:lun.uii.~.1t.ls: Aqu<lllc Benchmark~ 
l:/15/2002 

c Long & .\1organ, 1991 

d MacDonald et al., 1996 

DRAFT 
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Table 4-3 
Screening Benchmarks for Terrestrial Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Wildlife Water 

Chemical 

Aluminum 
Antimony 

Arsenic 
Barium 

Beryllium 
Boron 

Cadmium 

Calcium 
Chromium 

Cobalt 

Copper 

Cyanide 
Iron 
Lead 

Lithium 
Magnesium 
Manganese 

Mercury 
Molybdenum 

Nickel 
Potassium 

Selenium 

Silver 
Sodium 

Strontium 
Thallium 
Vanadium 

Zinc 

NA =not available 
dw =dry weight 

Ingestion 
Benchmark 

(ug/L) 1 

4,474 
290 
292 

23,100 
2,830 

120.000 

4,132 
NA 

4,300 

7,670 

65,200 
276,600 

NA 
4,860 

40,300 
NA 

377,000 
28 

600 
171,360 

NA 

5 
NA 
NA 

1,127,000 
32 

835 
62,300 

Wildlife Food 
Ingestion 

Benchmark 

Species (mg/kg dw)2 Species 

Whitetail deer 3.825 Short-tailed shrew 
Whitetail deer 0.248 Short-tailed shrew 
Whitetail deer 0.25 Short-tailed shrew 
Whitetail deer 17.2 American robin 
Whitetail deer 2.42 Short-tailed shrew 
Whitetail deer 24 American robin 

Whitetail deer 1.2 American robin 
NA 

Rough-winged swallow 0.83 American robin 

White-footed mouse3 
NA 

Whitetail deer 38.9 American robin 
Whitetail deer 236 Short-tailed shrew 

NA 
Rough-winged swallow 0.94 American robin 

Whitetail deer 35 Cottontail rabbit 
NA 

Whitetail deer 322 Short-tailed shrew 
Rough-winged swallow 0.005 American robin 

Whitetail deer 0.52 Short-tailed shrew 
Whitetail deer 64.08 American robin 

NA 

Other Data4 
0.331 American robin 
NA 
NA 

Whitetail deer 963 Short-tailed shrew 
Whitetail deer 0.027 Short-tailed shrew 
Whitetail deer 0.714 Short-tailed shrew 

Rough-winged swallow 12 American robin 

'Lowest reported screening benchmark from Sample et al., 1996. River otter excluded. 

Soil 
Plant Invertebrate 

Benchmark Benchmark 

(mg/kg dw)5 (mg/kg dw)7 

50 600 
5 NA 
10 60 

500 3000 
10 NA 

0.5 20 

3 0 20 
NA NA 

I 0.4 

20 1000 

60 0 50 
NA NA 
NA 200 
50 500 
2 10 

NA NA 
500 100 
0.3 0.1 
2 200 

30 90 
NA NA 

I 70 
2 50 

NA NA 
NA NA 

I NA 
2 20 

50 100 

2Screening benchmark from Sample et al., 1996. Food value used to represent values for ingestion of sediment (see text). 

DRAFT 

Lowest Soil 
Screening 

Benchmark 
(mg/kg dw) 

3.825 
0.248 
0.25 
17.2 
2.42 
0.5 

1.2 
NA 
0.4 

20 

38.9 
236 
200 
0.94 

2 
NA 
100 

0.005 
0.52 
30 
NA 

0.331 
2 

NA 
963 

0.027 
0.714 

12 

1Screening benchmark not reported in Sample et al. ( 1996). Cobalt value derived using same methodology and a NOAEL of2.3 mg/kg/day (Pedigo 
et al., 1988). 

4Selenium benchmark derived from Skorupa ( 1998). 

5Unless noted, screening benchmarks from Efroymson ( 1997a). Lower of the soil NOEC and LOEC. 

"Screening values from Kabata-Pendias & Pendias ( 1992). 

; Screening benchmarks !rom Efroymson ( 1997b). Lower of earthworm and microbial processes benchmarks used. 

Screening Benchmarks .. xls: TenesmaJ Benchmarks 
2 '15<!002 



...._, 
Table 4-4 

Selection of Surface Watet· COPCs for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flats Tailings Site 

Deteclion 
Mean Non- Maximum 1\lean 

Maximum Aquatic 
Analyte 

Number or Number o 
Frequency 

lletectetl Non-Detected Detected 
Detected Benchmark 

Is Chemical Rio-
Detet:tions Sample-s 

(II f) 
Com: Com: Com: Cone (ug/1.) (ug/1.) I!.Ccumulath·e? lal 
(ug/1.) (ug/1.) (ug/L) 

- Aluminum 14 106 13% 24.1 50.0 95.6 190 87 NO 
Antimony 35 68 51% 2.5 B 7.5 15 NA NO 

Arsenic 44 160 28% 4.1 10.0 6.7 12 150.0 NO 
Barium 83 84 99% 50.0 50.0 76.6 210 NA NO 
Boron I I 100% NA NA 60.0 60 NA NO 

Cadmium 59 157 38o/o 0.9 2.5 3.1 12 0.4 NO 
Calcium 155 155 100% NA NA 133650.3 324000 NA NO .. Chromium II .. 160 7% 5.2 10.0 10.3 36 9.5 NO 

::;: Copper 12 154 8% 4.9 10.0 14.3 20 17.0 NO 

I Iron 49 141 35% 38.6 100.0 111.0 620 1000 NO 
Lead 24 163 15% 2.3 2.5 10.1 41 3.9 NO 

Q t\1agnesium 155 155 100% NA NA 32555.1 70000 NA NO 
Manganese 137 138 99% 2.5 2.5 776.5 9200 NA NO 

Mercury 41 143 29% 0.1 0.3 0.0 0.22 0.7 YES 
J•olassium 131 133 98% 500.0 500.0 2773.6 6000 NA NO 
Selenium 31 160 19% 2.1 3.5 1.4 3.1 4.6 NO 

Sil\'{•r 0 160 0% 2.7 50 NO ND 0.5 NO 
Sodium 133 133 100% NA NA 58267.7 494000 NA NO 

r- Zinc 153 155 99% 17.5 25.0 1140.6 83000 222 NO 
Aluminum 39 77 51% 27.3 50.0 186 1,400 87.0 NO 
Antimony 46 74 62% 2.8 12.2 II 39 NA NO 

Arsenic 52 117 44o/o 4.9 10.0 22 750 ISO NO 
Barium 43 43 100% NA NA 89 220 NA NO 

Beryllium 6 6 100% NA NA 2 3 NA NO 
Cadmium 55 114 48o/o 1.1 2.5 3 10 0.5 NO 
Calcium 98 9S 100% NA NA 165,260 404,000 NA NO 

Chromium II 118 9% 6.6 50.0 2 6 11.0 NO 
Cobalt I 6 17°/o 3.0 3.0 10 10 NA NO 
Copper 44 130 34% 4.4 10.0 21 390 17.7 NO 

;; Cyanide II 85 13% 2.2 5.0 II 54 5.2 NO 
0: 

Iron 81 99 82% 47.5 50.0 717 30,000 1,000 NO ::;: 
5 Leod 190 247 77o/o 3.6 10.0 284 26.000 5.4 NO 
= Magnesium 94 94 100% NA NA 39.476 90.000 NA NO ... 

Manganese 225 2Z5 100% NA NA 192 8,900 NA NO 
Mercury 49 217 23% 0.6 2.5 103 2,100 0.8 YES 

Nickel I 6 17% 5.6 5.6 25 25 98 NO 
Potassium 52 98 53% 1,527.2 2,500 0 2,925 6,200 NA NO 
Selenium 6 118 s•;. 2.6 7.5 7 17 5.0 NO 

Silver 6 118 s•;, 3.8 50.0 12 25 0.6 NO 
Sotlium 98 98 100% NA NA 53.952 177,000 NA NO 

Thallium 0 6 0% 0.8 0.8 NO NO NA NO 
Vanadium 0 6 0% 179 17.9 ND NO NA NO 

'---
Zinc 164 164 100% NA NA 1,268 96,000 225.6 NO 

~ 

fa] A chemical is identitied as bioaccumulativc based on the Gret:ll Lakes Water Quality Initiative. 

(I J Chemical is bioaccumulati\·e. 

( 2 J Detection frequency is less than 5 percent 
[3] Analyte ts an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodiUm (including dissolved state). 
[-I] Maximum deterred concentration is less th;m benchmark concemration. 

na :o:: not available 
no bnchmark -= benchmark concentration not available 

COCScraan_SurfaceWater xis Aquat1c_ SWScreen 
211512002 

Is DF > 
5°/o'? 

YES 

YES 

YES 

YES 

YES 

YES 

YES 
YES 

YES 

YES 

YES 
YES 

YES 

YES 
YES 

YES 

NO 
YES 

YES 

YES 

YES 
YES 

YES 

YES 

YES 
YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 
YES 

YES 
YES 

NO 
NO 

YES 

..) 
DRAFT 

Is !\lax Non-
Is Chemical Is l\1u Detect> 

Detect> 
an Essendal Benchmark COPC? 

Benchmark 
Nutrient? Cone'! 

Cone? 

DF>SIIJo NO YES YES 

111':>5% NO no bncbmark YES 141 
DF.-·5°'o NO NO NO 141 
DF>5% NO no bnchmark YES 141 
DF>S% NO no bnchmark YES 141 
DF>S% NO YES YES 
DF:-S~o YES no bnchmark NO [3] 
DF;;oS"/e NO YES YES 
DF>S% NO YES YES 
DF>S~O YES NO NO [3] 

DF>S% NO YES YES 
DF>S~-o YES no bnchmark NO [3] 

DF>5'% NO no bnchmark YES 141 
DF>5% NO NO YES Jll 
DF>S~o YES no bnchmark NO [3] 
or-....s~o NO NO NO [4] 

YES NO YES NO [2] 
DF'-S~o YES no bnch.mark NO [3] 

DF>5°/o NO YES YES 

Df:>5% NO YES YES 
DF>S•/o NO no bnchmark YES 141 
DF:>.S% NO YES YES 

DF:>-5°/o NO no bnchmark YES 141 
DF;,-5°/o NO no bncbmark YES 141 
DF:>5°/o NO YES YES 

DF"'5°·o YES no bnchmark NO [3] 
OF"::.S~o NO NO NO [4] 
DF::>-5% NO no bncbmark YES 41 
DF>S% NO YES YES 

DF>S% NO YES YES 

DF->5% YES YES NO [3] 
DF,.S% NO YES YES 

or~--s~o YES no bnchmark NO [3] 

DF>S% NO no bnchmark YES 141 
Df:;:.-5% NO YES YES Ill 
DF-,.5~-o NO NO NO [4] 
Df.-:-S~o YES no bnchmark NO 13] 
DF:>5% NO YES YES 

DF>S% NO YES YES 
oF-·s~o YES no bnchmark NO [3] 

NO NO no bnchmark NO [2] 
NO NO no bnchm.ark NO 121 

DF>S% NO YES YES 

Tolal COCs 17 
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Ta~-5 
Selection of Surface Water CO PCs for Terrestrial Receptors 

Screening Ecological Risk Assessment for the Richardson Flats Tailings Site 

Detection 
1\lean Non- Maximum Mean 

Maximum Wildlife 
Number of Number of Detected Non-Detected Detected Is Chern ical Bio-

Analyte Frequency Detected Benchmark 
Detections Samples 

(DF) 
Cone Cone Cone 

Cone (ug/L) (ug/L) 
accumulative'! fal 

(ug/L) (ug/L) (ug/L) 

Aluminum 39 77 51%. 27.3 50.0 186 1.400 4,474 

Antimony 46 74 62% 2.8 12.2 II 39 290 

Arsenic 52 117 44% 4.9 10.0 22 750 292 

Barium 43 43 100% NA NA 89 220 23,100 

Beryllium 6 6 100% NA NA 2 3 2,830 

Cadmium 55 114 48% 1.1 2.5 3 10 4,132 

Calcium 98 98 100% NA NA 165,260 404,000 NA 

Chromium II 118 9% 6.6 50.0 2 6 4,300 

Cobalt I 6 17% 3.0 3.0 10 10 7,670 

Copper 44 130 34% 4.4 10.0 27 390 65.200 

Cyanide II 85 13% 2.2 5.0 II 54 276,600 

Iron 81 99 82% 47.5 50.0 717 30,000 NA 

Lead 190 247 77% 3.6 10.0 284 26,000 4,860 

Magnesium 94 94 100% NA NA 39,476 90.000 NA 

Manganese 225 225 100% NA NA 792 8.900 377,000 

Mercury 49 217 23% 0.6 2.5 103 2,100 28 

Nickel I 6 17% 5.6 5.6 25 25 171,360 

Potassium 52 98 53% 1.527.2 2.500.0 2,925 6,200 NA 

Selenium 6 118 5% 2.6 7.5 7 17 5 
Silver 6 118 5% 3.8 50.0 12 25 NA 

Sodium 98 98 100% NA NA 53,952 177,000 NA 

Thallium 0 6 0% 0.8 0.8 ND ND 32 

Vanadium 0 6 0% 17.9 17.9 ND ND 835 

Zinc 164 164 100% NA NA 1,268 96,000 62,300 

1'l.u.J.e:;.; 

fa l A chemical is identilied as bioaccumulative based on the Great Lakes Water Quality Initiative. 

[I] Chemical is bioaccumulative. 

[2] Detection lrequency is less than 5 percent. 

[3] Analyte is an essential nutrient. Essential nutrients are de lined as: calcium, iron, magnesium, potassium and sodium (including dissolved state). 

[4] Ma.ximum detected concentration is less than benchmark concentration. 

na ~not available 

no bnchmark ~benchmark concentration not available 

COCScreen_SurfaceWater.xls: Wildhfe_SWScreen 
2/t5/2002 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 

Is DF 
>5'%? 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

NO 

YES 

~RAFT 

Is Max Non-
Is Chemical Is 1\1 ax Detect > 

Detect> 
"" Essential 8enchm11rk CO PC'! 

Benchmark 
Nutrient? Cone'! 

Cone? 

DF>5% NO NO NO [4] 

DF>5% NO NO NO [4] 

DF>S% NO YES YES 

DF>5% NO NO NO [4] 

DF>5% NO NO NO [4] 

DF>5% NO NO NO f4l 
DF>5% YES no bnchmark NO f3l 
DF>5% NO NO NO f4] 

DF>5% NO NO NO [4] 

DF>5% NO NO NO [4] 

DF>5% NO NO NO [4] 

DF>5% YES no bnchmark NO [3] 

DF>S% NO YES YES 

DF>5% YES no bnchmark NO f3l 
DF>5% NO NO NO [4] 

DF>S% NO YES YES Ill 
DF>5% NO NO NO [4] 

DF>5% YES no bnchmark NO [3] 

DF>5% NO YES YES 

DF>5% NO no bnchmark YES 141 
DF>5%, YES no bnchmark NO [3] 

NO NO YES NO [2] 
NO NO YES NO [2] 

DF>S% NO YES YES 

Total COI'Cs 6 



Table 4-6 
Selection of Sediment COPCs for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site 

Detection Mean Non-
Max Non-

Mean Detected Max Detected 
Analytc 

Number of Number of 
Frequency Detected Cone 

Detected 
Cone Cone 

Jletections Samples Cone 
(DF) (mg/kg) 

(mg/kg) 
(mg/kg) (mg/kg) 

Aluminum 22 22 100% NA NA 11,085 28,800 
Antimony 22 22 100% NA NA 130 889 

Arsenic 22 23 96% 33 33 284 1,735 
Barium 5 5 100% NA NA 276 562 

Beryllium 5 5 100% NA NA 1.8 2.3 
Cadmium 23 23 100% NA NA 54 179 
Calcium 5 5 100% NA NA 58,780 96,000 

Chromium 23 23 100% NA NA 27 62 
Cobalt 5 5 100% NA NA 14 20 
Copper 23 23 100% NA NA 555 2,559 

Iron 23 23 100% NA NA 49,573 156,800 
Lead 23 23 100% NA NA 6,407 42,990 

Magnesium 5 5 100% NA NA 12,960 14,100 
Manganese 5 5 100% NA NA 10,938 42,000 

Mercury 22 23 96% 0.1 0.1 1.5 8.2 
Nickel 5 5 100% NA NA 45 97 

Potassium 5 5 100% NA NA 2,847 4,760 
Selenium 16 23 70% 7.6 34 15 43 

Silver 23 23 100% NA NA 32 136 
Sodium 5 5 100% NA NA 603 1,150 

Thallium 5 5 100% NA NA 8.6 14 
Vanadium 5 5 100% NA NA 38 71 

Zinc 23 23 100% NA NA 10,222 44,560 

[I] Detection frequency is Jess than 5 percent. 
[2] Analyte is an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium. 
[3] Identified as bioaccumu1ative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria. 

[4] Analyte concentrations are greater than the benchmark value. 
[51 No benchmark value available. 

NA ~not available 
N D ~ not detected 
no bnchmrk ~ no benchmark 

COC'Screen Sediment.xls: ecosed_aquatic 
2 Js.·2ouc 

Sediment 
Benchmark 

Is Chemical Blo- Is DF> 
accumulative? 5%'! 

(mg/kg) 

13,500 NO YES 
2.0 NO YES 
9.8 NO YES 
NA NO YES 
NA NO YES 
1.0 NO YES 
NA NO YES 
43 NO YES 
NA NO YES 
32 NO YES 
NA NO YES 
39 NO YES 
NA NO YES 
631 NO YES 
0.18 YES YES 
23 NO YES 
NA NO YES 
NA NO YES 
0.7 NO YES 
NA NO YES 
NA NO YES 
NA NO YES 
121 NO YES 

DRAFT 

Is Max Non-
Is Chemical Is Max Detect 

Detect> 
an Essential Cone > Sediment CO PC'! 

Benchmark 
Cone'! 

Nutrient'! Benchmark'! 

DF>S% NO YES YES 141 
DF>S% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO no bncbmrk YES 151 
DF>5% NO no bnchmrk YES 151 
DF>S% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>5% NO YES YES 141 
DF>S% NO no bnchmrk YES lSI 
DF>5% NO YES YES 141 
DF>5% YES no bnchrnrk NO [21 
DF>S% NO YES YES 141 
DF>5"lo YES no bnchmrk NO [2] 
DF>S% NO YES YES [41 
DF>S% NO YES YES 131 
DF>S% NO YES YES 141 
DF>5% YES no bnchmrk NO [21 
DF>S% NO no bnchmrk YES lSI 
DF>5% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>S% NO no bnchmrk YES lSI 
DF>S% NO no bnchmrk YES 151 
DF>5% NO YES YES 141 

TOTAL COPCs: 18 



Table 4-7 
Selection of Sediment COPCs for Terrestrial Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site 

Detection 
Mean Non- Max Non-

Mean Detected Max Detected 
Analyte 

Number of Number of 
Frequency 

Detected Detected 
Cone Cone 

Detections Samples Cone Cone 
(I>F) 

(mg/kg) (mg/kg) 
(mg/kg) (mg/kg) 

Aluminum 22 22 100% NA NA 11,085 28,800 

Antimony 22 22 100% NA NA 130 889 

Arsenic 22 23 96% 33 33 284 1,735 

Barium 5 5 100% NA NA 276 562 

Beryllium 5 5 100% NA NA 1.8 2.3 

Cadmium 23 23 100% NA NA 54 179 

Calcium 5 5 100% NA NA 58,780 96,000 

Chromium 23 23 100% NA NA 27 62 

Cobalt 5 5 100% NA NA 14 20 

Copper 23 23 100% NA NA 555 2,559 

Iron 23 23 100% NA NA 49,573 156,800 

Lead 23 23 100% NA NA 6,407 42,990 

Magnesium 5 5 100% NA NA 12,960 14,100 

Manganese 5 5 100% NA NA 10,938 42,000 

Mercury 22 23 96% 0.1 0.1 1.5 8.2 

Nickel 5 5 100% NA NA 45 97 

Potassium 5 5 100% NA NA 2,847 4,760 

Selenium 16 23 70% 7.6 34 15 43 

Silver 23 23 100% NA NA 32 136 

Sodium 5 5 100% NA NA 603 1,150 

Thallium 5 5 100% NA NA 8.6 14 

Vanadium 5 5 100% NA NA 38 71 
Zinc 23 23 100% NA NA 10,222 44,560 

[I] Detection tre4uency is tess than 5 percent. 

[2] Analyte is an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium. 
[3] Identified as bioaccumulative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria 

[4] Analyte concentrations are greater than the benchmark value. 

[5] No benchmark value available. 

NA ~not available 
NO~ not detected 

no bnchmrk =no benchmark 

COCScreen Sediment. xis: ecosed_ wildlife 
2d 512002 

Sediment 
Benchmark 

Is Chemical Bio- Is DF> 
accumulative? 5%? 

(mg/kg) 

3.8 NO YES 

0.2 NO YES 

0.3 NO YES 

17 NO YES 
2 NO YES 

1.2 NO YES 

NA NO YES 

0.83 NO YES 

NA NO YES 

39 NO YES 

NA NO YES 

0.94 NO YES 

NA NO YES 

322 NO YES 

0.01 YES YES 

64 NO YES 

NA NO YES 

0.33 NO YES 

NA NO YES 

NA NO YES 

0.03 NO YES 

0.71 NO YES 
12 NO YES 

DRAFT 

Is Max Non- Is Chemical 
Is Max Detect 

Detect> an 
Cone > Sediment CO PC'! 

Benchmark Essential 
Cone? Nutrient? 

Benchmark'! 

DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>S% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO NO NO 

DF>S% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>5% NO YES YES 141 
DF>5% NO no bnchmrk YES 151 
DF>5% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>5% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>5% NO YES YES 141 
DF>5% NO YES YES 131 
DF>5% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>S% NO YES YES 141 
DF>5% NO no bnchmrk YES 151 
DF>5% YES no bnchmrk NO [2] 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>S% NO YES YES 141 

TOTAL COPCs: 17 



Table 4-8 
Selection of Soil and Tailings COPCs for Terrestrial Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings Site 

Detection 
Mean Non- Max Non-

Mean Detected Max Detected 
Analyte 

Number of Number of 
Frequency 

Detected Detected 
Cone Cone 

Betections Samples Cone Cone 
(I> F) 

(mg/kg) (mg/kg) 
(mg/kg) (mg/kg) 

Aluminum 51 51 100% NA NA 10,662 32,700 

Antimony 34 51 67% 3 3 153 505 
Arsenic 182 188 97% 3 3 83 637 
Barium 30 30 100% NA NA 262 413 

Cadmium 64 87 74% 0 0 34.8 250.0 
Chromium 80 81 99% 3 3 23 111 

Copper 89 89 100% NA NA 219 1,323 
Iron 51 51 100% NA NA 33,368 77,500 
Lead 185 185 100% NA NA 1,666 31,600 

Mercury 52 86 60% 0 0 5 85 
Selenium 26 81 32% 3 3 12 24 

Silver 38 87 44% 3 3 37 120 
Zinc 88 88 100% NA NA 4,085 33,800 

[I] Ddection frequency is less than 5 percent. 

[2] Analytc is an essential nutrient. Essential nutrients are defined as: calcium, iron, magnesium, potassium and sodium. 
[3] Identified as bioaccumulative based on the Great Lakes Water Quality Guidance (GLWQG) wildlife Tier I criteria. 

[4] Analyte concentrations are greater than the benchmark value. 

[5] No benchmark value available. 

NA = not available 
ND =not detected 
no bnchmrk = no benchmark 

COCScreen_ Soii&Tailings.xls: ecosoil wildlife 
2"15!2002 

Sediment 
Benchmark 

Is Chemical Bio- Is OF> 
accumulative? 5%? 

(mg/kg) 

3.8 NO YES 

0.2 NO YES 

0.3 NO YES 

17 NO YES 
1 NO YES 

0.8 NO YES 

39 NO YES 
NA NO YES 
1 NO YES 
0 YES YES 

0 NO YES 
NA NO YES 

12 NO YES 

DRAFT 

Is Max No11- Is Chemical 
Is Max Detect 

Detect> an 
Cone> Soil CO PC'! 

Benchmark Essential 
Cone'! Nutrient'! 

Benchmark'! 

DF>S% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% NO YES YES 141 
DF>5% YES no bnchmrk NO [2] 
DF>S% NO YES YES 141 
DF>S% NO YES YES 131 
DF>5% NO YES YES 141 
DF>S% NO no bncbmrk YES lSI 
DF>S% NO YES YES 141 

TOTAL COPCs 12 



Table 5-1 
Surface Water Exposure Point Concentrations for Aquatic Receptors and Amphibians 

Location Station Aluminum Arsenic Cadmium Chromium 

USC'-7 710 2.5 IO.n 

lJSC-6 25 19.0 2.0 

492685 na na na 

USC-5 25 2.5 6.0 

USC-3 69 7.0 3.0 

RF-SW-01 20 .u 3.9 
Silver Creek-

RF-SW-02 70 5.2 1.7 
upslream 

RF-SW-03 19 7.3 1.7 

N4 na na na 

RF-SW-04 66 7.6 3.5 

Rl'-7 25 10.0 -t.O 

Rl'-7-2 100 13.0 8.0 

492695 na na na 

RF-SW-05 9 7.2 1.7 

RF-SW-06 185 12.5 1.7 

N6 na na na 

USC-2 25 2.5 2.0 
Silver Creek -

6.0 2.0 downs! ream USC-I 350 

RF-8 330 31.0 9.0 

RF-8-2 na 10.0 3.0 

492679 50 8.7 0.5 

492680 na na na 

RF-2 580 5.0 0.5 

RF-4 480 8.0 2.0 

RF-5 340 6.0 1.0 
South 

RF-5-4 470 8.0 2.0 
Diversion 

Dit~h N5 na na na 

USC-4 25 6.0 1.8 

Rl'-6 na 6.0 2.0 

RF-6-2 165 750 0.0 

Site Ponded 
RF-9 10.0 U.S 

Water 
na 

Unnamed 
RF-3-2 1400 17.0 0.0 

Drainage 

Table 5-1 SW EPCs tor AquatiC Receptors rev xis: Exposure Table 
2/14/2002 

4...1 

5.0 

na 

5.0 

5.0 

3.9 

3.9 

3.9 

na 

3.9 

7.5 

3.0 

na 

3.9 

3.9 

na 
5.0 

5.0 

4.0 

10.0 

5.8 

na 

7.5 

0.0 

0.0 

5.0 

na 

5.0 

4.0 

0.0 

10.0 

0.0 

Screening Ecological Risk Assessment/or Richardson Flat Tailings 

TOTAL(ug/L) DISSOLVED (ug/L) 

Copper Cyanide Lead Mercury Selenium Silver Zinc Aluminum Arsenic Cadmium Chromium Copper Cyanide 

18 na 27 0.052 2.5 2.1 2.500 25 5.0 7.0 4...1 12.0 na 

6 na 31 0.042 2.5 2.5 1,400 25 8.0 2.0 5.0 2.5 na 

na na na na na na na 29 3.3 3.3 3.3 7.8 na 

9 na 26 m 2.5 2.5 1.900 25 5.0 1.0 5.0 7.0 na 

7 na 41 "" 2.5 2.5 1,200 170 7.0 1.0 5.0 2.5 na 

10 na 35 0.100 7.5 1.2 1.110 na na na na na na 

10 na 19 0.100 7.5 1.2 2,080 na na na na na na 

10 na 15 0.100 7.5 1.2 769 na na na na m.t na 

390 6.4 1480 143 na na 1,350 na na na na na na 

10 na 36 0.100 7.5 1.2 776 na na na na na na 

13 na 74 0.250 2.5 4.-l 96.000 25 7.0 2.0 7.5 4.2 na 

8 2.0 78 0.243 4.7 12.6 2,100 88 8.2 6.0 6.0 6.5 na 

na na na na na "" na 65 2.5 12.0 3.6 8.6 na 

10 na 151 0.100 7.5 1.2 466 na na na na na na 

Ill na 33 0.100 7.5 10.0 321 na na na na na na 

10 2.7 145 133 na na 902 na na na na na na 

3 na 16 na 2.5 7.0 630 25 7.0 1.5 5.0 2.5 na 

12 na 51 0.113 2.5 2.5 1,100 25 6.0 1.8 5.0 2.5 na 

10 2.0 340 0.350 5.0 -t.9 1,700 33 8.2 2.1 8.7 4.1 na 

5 na 28 0.250 2.5 5.0 850 na 10.0 2.0 10.0 5.0 na 

6 5.0 2 0.100 0.5 1.0 170 15 12.0 0.5 2.5 6.0 na 

na na na na na na na 15 7.6 1.1 2.5 6.0 na 

18 na 5 0.~80 ~.3 3.8 94 190 6.0 0.5 7.5 16.0 na 

17 na 3 0.345 2.2 3.3 2,700 61 8.0 0.5 6.1 11.2 na 

12 na 9 0.256 0.0 9.9 900 45 5.0 0.5 6.0 9.1 na 

18 na 3 0.240 2.0 2.5 2.600 fi9 7.0 11.5 5.0 17.0 na 

II na 45 0.200 na na 918 na na na na na na 

6 na II 0.002 2.5 2.5 110 25 2.5 1.8 36.0 2.5 na 

5 2.0 48 0.233 3.7 4.5 850 na 6.0 1.7 10.0 5.0 na 

10 na 16 0.320 5.9 4.8 310 33 3.9 0.6 6.8 6.9 na 

5 na 3 0.250 2.5 5.0 II na 10.0 0.5 10.0 5.0 na 

22 na 7 0.240 2.0 2.5 98 89 10.0 0.0 5.0 20.0 na 

DRAFT 

Lead Mercury Selenium Silver Zinc 

2.3 0.004 2.5 2.1 2,100 

2.5 0.004 2.5 2.5 1.400 

6.3 0.100 1.8 1.0 1.170 

2.5 na 2.5 2.5 2,000 

2.5 na 2.5 2.5 1,100 

na na na na na 

na na na na na 

na na na na na 

20.0 na na na 560 

na na na na na 

2.5 0.250 2.5 4.4 83.000 

4.9 0.220 2.3 3.8 2,000 

5.0 0.100 2.0 1.0 1.011 

na na na na na 

na na na na na 

25.0 na na na 370 

12.0 na 2.5 2.5 710 

2.5 0.00~ 2.5 2.5 1.000 

5.6 0.220 2.4 3.9 1,100 

2.5 0.250 2.5 5.0 850 

1.5 0.100 1.2 1.0 330 

9.8 0.100 1.2 1.0 765 

5.0 0.~00 2.3 3.8 79 

3.6 0.200 2.2 3.3 2,600 

2.5 0.220 2.2 3.6 860 

2.5 0.220 2.0 2.5 2.500 

na na na na na 
2.5 0.001 2.5 2.5 100 

2.5 0.250 2.6 4.4 850 

3.6 0.002 2.1 3.4 150 

2.5 0.250 2.5 5.0 29 

5.0 0.220 2.0 2.5 77 



Table 5-2 
Sediment Exposure Point Concentrations for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Location Station Aluminum Antimony Arsenic Cadmium Chromium Copper Lead Manganese 

USC-5 15,220 175 393 65 31 1,380 11,190 na 
Silver Creek -

upstream USC-6 4,930 889 I ,735 179 15 2,559 42,990 na 

USC-7 14,720 64 105 28 42 652 2,656 na 

Silver Creek - USC-I 11,250 140 341 50 30 766 11,130 na 
downstream 

USC-2 11,590 137 271 58 32 588 6,942 na 

RF-SD-SDI 4,!150 72 156 73 18 280 3,490 na 

RF-SD-SD2 6,450 53 119 50 16 200 2,330 na 

South Diversion RF-SD-SD3 10,500 36 125 35 21 173 1,880 na 
Ditch 

RF-SD-SD4 7,480 65 205 51 18 260 2,840 na 

RF-SD-SD5 8,650 97 119 38 18 261 2,660 na 

RF-SD-SD6 20,600 63 101 18 30 211 2,280 na 

RF-SE-01 28,800 99 202 93 62 725 6,520 5,060 
South Diversion 

RF-SE-02 1,930 85 189 53 16 183 3,010 2,200 
Ditch - Wetland 

Area RF-SE-03 4,530 99 310 65 15 313 5,220 2,330 

RF-SE-04 11,800 40 189 40 25 190 2,350 42,000 

All umts are 111 mg/kg. 

Table 5-2 Sed EPCs for Aquatic Receptors rev.xls: Exposure Table 
2/14/2002 

c~,,._ 

...)DRAFT 

Mercury Nickel Silver Zinc 

0 na 48 12,270 

2 na 136 44,560 

I na 51 4,619 

0 na 49 II ,730 

0 na 40 11,950 

2 na 25 12,000 

I na 16 8,780 

0 na 13 6,800 

I na 19 9,140 

I na 20 7,610 

2 na 14 2,940 

8 51 41 15,200 

3 13 11 8,160 

2 21 16 11,200 

I 97 8 5,400 



) 

) 
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Table 5-3 

Seep* Water Exposure Point Concentrations for Aquatic Receptors and Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Monitoring wells below main embankment 

COPC MW-01 MW-03 MW-04 
TOTAL 

Aluminum 80,700 na na 

Arsenic 76 na na 

Cadmium 42 na na 

Chromium 95 na na 

Copper 1583 10 15 

Cyanide 32 8 11,816 

Lead 88 69 120 

Mercury 0.3 2.1 0.7 

Selenium 15 na na 

Silver 2 na na 

Zinc 650 na na 
DISSOLVED 

Aluminum 50 na na 

Arsenic 4 na na 

Cadmium 3 na na 

Chromium 8 na na 

Copper 20 na na 

Cyanide na na na 

Lead 92 49 58 

Mercury 0.2 na na 

Selenium 15 na na 

Silver 10 na na 

Zinc 108 70 200 

*Seep water concentrations estrmated from avm1able groundwater. 
All units in ug/L. 

Table 5-3 GW EPCs for Aquatic Receptors rev.xls: Exposure Table 
211412002 

MW-05 

na 

na 

na 

na 

15 

37 

131 

2.2 

na 

na 

na 

na 

na 

na 

na 

na 

na 

61 

na 

na 

na 

1,900 

MW-06 

4,920 

349 

16 

42 

190 

1,552 

142 

0.5 

15 

17 

2,790 

69 

9 

3 

8 

20 

na 

37 

0.2 

15 

10 

73 

Upgradient 
monitoring 

well 
RT-1 

15,700 

4 

3 

11 

30 

5 

627 

0.2 

3 

2 

136 

191 

4 

3 

8 

171 

na 

41 

0.2 

3 

10 

20 



Table 5-4 

Exposure Factors for Representative Wildlife Species 

Screening Level Ecologicul Risk Assessment for the Richurdson Flut Tuilings Site 

Class Type Receptor 

Herbivore Greater-Sage Grouse 

TetTesllial Insectivm~ Ame~ican Robin 

Avian Camivore Ametican Kestrel 

Insectivot~ Mallard Duck 
Aquatic 

Piscivm~ Belted Kingfisher 

Camivore Red Fox 

Tenesl!i a I Insectivm~ Masked Shrew 
Mammalim1 

Herbivore Deer Mice 

Semi-
Piscivore Mink 

Aquatic 

NA =Not applicable 
a Assumed to be equal to 9.1il if not applicable (NA) 
b Assumed to be equal to s.:diment if not applicable (NA) 

Exposure factors.xls: factor Summaty 
2/lS/2002 

Genus :species 

Cenlrocercus urophasianus 

Turdus migralorius 

Falco sparverius 

Anas platy·hynchos 

Cel)·le alcyon 

T'lt!pes Ht!pes 

Sorex cinereus 

Peromyscus maniculatus 

A!uste[(l vison 

Food Water Sediment 
Body 

Ingestion Ingestion Ingestion 
Weight 

Rate Rate Rate a 

(kg wet (kg wet 
(Liday) 

(kg dry 
weight) weight/day) weight/day) 

2.3 0.100 1.031 NA 

0.081 0.078 0.011 NA 

0.115 0.033 0.014 NA 

1.13 0.316 0.064 0.002 

0.147 0.073 0.016 0.0002 

4.54 0.310 0.386 NA 

0.0053 0.009 0.001 NA 

0.02 0.005 0.00 NA 

0.556 0.089 0.058 0.0002 

"~ 

_) 
DRAFT 

Soil 
Ingestion 

Rate b Dietary Fraction 
(df) 

(kg dry 
weight/day) 

0.0007 
1 00°/o Hnesttial 

plants 

0.0012 
100% soil 

inve~tebrates 

0.0001 
100% small 
mammals 

NA 
I 00% aquatic 
invei1ebrates 

NA 100% fish 

0.0023 
100% small 
mammals 

0.0004 
100% soil 

invei1ebrates 

0.00006 100'% vegetation 

NA 100'?/o fish 



') 

.) 
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Table 5-5 
Surface Water Exposure Point Concentrations for Wildlife 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

COPC 
Silver Creek- Silver Creek-

upstream downstream 

Arsenic 18 23 

Lead 953 165 

Mercury 90 75 

Selenium 4.1 5.0 

Silver 6.9 4.9 

Zinc 5,666 1,426 

All umts are m ug/L. 

Table 5-5 SW EPCs for Wildlife Receptors rev.xls: Exposure Table 
2/14/2002 

Unnamed 
Ponded Water 

Drainages 

17 10 

7.0 2.5 

0.24 0.25 

2.0 2.5 

2.5 5.0 

98 II 

DRAFT 

South Diversion 
Ditch 

68 

17 

0.48 

4.7 

4.9 

2,380 
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Table 5-6 
Sediment Exposure Point Concentrations for Wildlife 

Scree11ing Ecological Risk Assessment for Richardson Flat Tailings 

Silver Creek - Silver Creek -

COPC upstream downstream 

Aluminum 15,220 11,590 

Antimony 889 140 

Arsenic 1,735 341 

Barium na na 

Cadmium 179 58 

Chromium 42 32 

Cobalt na na 

Copper 2,559 766 

Lead 42,990 11' 130 

Manganese na na 

Mercury 1.60 0.44 

Nickel na na 

Selenium 32 11 

Thallium na na 

Vanadium na na 

Zinc 44,560 11,950 

All units are in mg/kg. 

Table 5-6 EPCs for Wildlife Receptors rev.xls: Exposure Table 
2/14/2002 

South Diversion 
Ditch 

15,125 

93 

163 

na 

66 

24 

na 

270 

3,042 

na 

1.60 

na 

7.0 

na 

na 

12,000 

DRAFT 

Wetlands Area 

28,800 

99 

300 

562 

93 

62 

20 

725 

6,520 

42,000 

8.2 

97 

43 

12 

71 

15,200 
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Table 5-7 

Soil and Tailings Exposure Point Concentrations for Wildlife 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Background 
Off-

COPC Impoundment 
Soils 

Soils 

Aluminum na na 

Antimony na na 

Arsenic 10 43 

Barium 265 331 

Cadmium 1.0 15 

Chromium 23 24 

Copper 29 49 

Lead 59 806 

Mercury 0.15 1.3 

Selenium 2.5 2.5 

Zinc 127 551 
All umts m mg/k.g. 

Table 5-7 Soil EPCs for Wildlife Receptors rev.xls: Exposure Table 
2/14/2002 

On-
Impoundment Tailings 

Soils 

23,739 na 

4.4 na 

24 na 

277 na 

2.0 na 

24 na 

42 na 

429 na 

0.32 na 

2.5 na 

314 na 

DRAFT 
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Table S-8 
Estimated Concentrations of COPCs in Food Items for Wildlife 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Estimated Concentration (mglkg ww) 

Designated Benthic Soil Small 
Reach 

Parameter 
Invertebrates 

Fish Exposure Area Plants 
Invertebrates Mammal* 

Aluminum 2283 15220 na na 
Antimony 133 889 na na 
Arsenic 180 1735 0.27 1.04 
Barium na na na na 

Cadmium 1116 179 0.33 7.0 
Upstream Chromium 2.9 42 Background na 0.84 

Silver Creek Copper 9162 2559 Soils 3.9 10.9 
Lead 3914 42990 1.8 I8.I 

Mercury 0.69 1.6 0.07 0.48 
Selenium 4.8 32 0.74 1.53 

Silver na 136 na na 
Zinc 50310 44560 38 352 

Aluminum 1739 11590 na na 
Antimony 21 140 na na 
Arsenic 35 341 O.I7 2.9 
Barium na na na na 

Cadmium 36I 58 Off- 1.5 61 
Downstream Chromium 2.2 32 Impoundment na 0.84 
Silver Creek Copper 2743 766 Soils 4.8 12.6 

Lead I013 11130 6 150 
Mercury 0.19 0.44 0.23 1.00 
Selenium 1.7 11 0.74 1.53 

Silver na 49 na na 
Zinc 13492 II950 164 103 

Aluminum 2269 15125 na na 
Antimony 14 93 na na 
Arsenic 16.9 163 0.43 1.92 
Barium na na na na 

South Cadmium 412 66 On- 0.48 12.2 

Diversion Chromium 1.7 24 Impoundment na 0.84 

Ditch Copper 965 270 Soils 4.5 12.0 
Lead 277 3042 4.2 90 

Mercury 0.69 1.6 0.11 0.62 
Selenium 1.0 7.0 0.74 1.53 

Silver na 21.9 na na 
Zinc 13549 12000 62 474 

Aluminum 4320 28800 na na 
Antimony 15 99 na na 
Arsenic 31 300 2.66 18.5 
Barium 84.3 562 na na 

Cadmium 580 93 6.1 493 
Chromium 4.4 62 na 0.8 

Cobalt 16 20 na na 
Copper 2596 725 13.2 24.7 

Wetlands Area Lead 594 6520 Tailings 47 2890 
Manganese 6300 42000 na na 

Mercury 3.5 8 0.92 2.4 
Nickel 33.8 97 na na 

Selenium 6.5 43 4.2 4.8 
Silver na 41 na na 

Thallium 1.8 12 na na 
Vanadium II 71 na na 

Zinc 17162 15200 659 1910 
* T1ssue concentratiOns pred1cted for herbiVores, orrmvores and carnivores m Append1x E. The h1ghest 
concentration is used in the estirmtion of dietary doses tor wildlife species consuming small mammals. 

Table 5-8 Terrestrial Tissue Data.xls: Est Tissue Cone 
21 15/2002 

na 
na 

O.Q38 
1.6 
1.5 
1.6 
10.2 
8.0 

0.0056 
0.63 
na 
85 
na 
na 

O.I7 
3.8 
2I 
1.6 
II 
29 

0.048 
0.66 

na 
840 
na 
na 

0.089 
3.2 
3.0 
1.64 
10.9 
21 

0.012 
0.63 
na 
91 
na 
na 
3.4 
na 

269 
1.8 
na 

23.0 
171 
na 

0.63 
na 
1.1 
na 
na 
na 
124 

DRAFT 
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Table 6-1 
Ambient Water Quality Criteria for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Chemical aacure baculr achronic bchronic 

Aluminum Not Hardness Dependant 

Antimony 

Arsenic Not Hardness Dependant 

Barium 

Beryllium 

Boron 

Cadmium 1.0166 -3.924 0. 7409 -4.719 

Calcium 

Chromium Not Hardness Dependant 

Cobalt 

Copper 0.9422 -1.700 0.8545 -1.702 

Cyanide Not Hardness Dependant 

Iron Not Hardness Dependant 

Lead 1.273 -1.460 1.273 -4.705 

Lithium 

Magnesium 

Manganese 

Mercury Not Hardness Dependant 

Molybdenum 

Nickel 0.8460 2.255 0.8460 0.0584 

Potassium 

Selenium Not Hardness Dependant 

Silver 1.72 -6.52 

Sodium 

Strontium 

Thallium 

Vanadium 

Zinc 0.8473 0.8840 0.8473 0.8840 

NA- not available 

SURFACE WATER AWOC NOTES: 

A WQC Source: EPA 822-Z-99-00 I 

Cadmium SWQC Source: EPA-822-R-01-001 

Total Selenium CMC Source: EPA-820-B-96-00 I 

For AWQC values that are hardness dependant: 

A WQC Total,.~ exp[a. *ln(Hardness)+b,] 

AWQC Dissolved,.~ AWQC Total • [m-n*(ln(Hardness)] 

where: x is either acute or chronic 

AWQCTotal AWQCTotal 
CMC (ugfL) CCC (ugfL) ffiacutr 

Acute Chronic 

750 87 1.0 

NA NA 

340 150 1.0 

NA NA 

NA NA 

NA NA 

2.1 0.3 1.137 

NA NA 

16.0 11.0 0.316 

NA NA 

14.0 9.3 0.960 

2~ 5.2 1.0 

NA 1.000 1.0 

81.6 3.2 1.462 

NA NA 

NA NA 

NA NA 

1.4 0.77 0.850 

NA NA 

469.2 52.2 0.998 

NA NA 

19.3 5.0 0.922 

4.1 NA 0.850 

NA NA 

NA NA 

NA NA 

NA NA 

119.8 119.8 0.978 

Chromium VI A WQC Dissolved used because the screening value is lower than Chromium Ill. 
Selenium AWQC dissolved based on total metals. 

For table presentation. hardness-dependent values are calculated using a hardness of I 00 mg/L. 

AWI.JC 

Dissolved 

"acute mcbronic "chronic CMC (ugfL) 

Acute 

0 1.0 0 750 

NA 

0 1.0 0 340 

NA 

NA 

NA 

0.0418 1.102 0.0418 2.0 

NA 

0 0.860 0 5.1 

NA 

0 0.960 0 13.4 

0 1.0 0 22.0 

0 1.0 0 NA 

0.1457 1.462 0.1457 64.6 

NA 

NA 

NA 

0 0.850 0 1.2 

NA 

0 0.997 0 468.2 

NA 

0 0.922 0 17.8 

0 3 

NA 

NA 

NA 

NA 

0 0.986 0 117 

AWI.JC 

Dissolved 
CCC (ugfL) 

Chronic 

87 

NA 

150 

NA 

NA 

NA 

0.2 

NA 

9.5 

NA 

9.0 

5.2 

1000 

2.5 

NA 

NA 

NA 

0.7 

NA 

52.0 

NA 

4.6 

NA 

NA 

NA 

NA 

NA 

118 

If measured station hardness is outside of the specified upper hardness limits. the applicable upper hardness limit will be used to calculate the AWQC. 

A WQCo.xls: A WQCs 
2: 15•2002 

DRAFT 

AWQC Upper 
Hardness Limits 

(mgfL as CaC03) 

Acute Chronic 

-- --
-- --
-- --
-- --
-- --

-- --

360 209 

-- --
-- --
-- --

400 211 

-- --
-- --

360 151 

-- --

-- --

-- --

-- --
-- --

360 210 

-- --
-- --

350 --
-- --

-- --
-- --
-- --

500 211 
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Table 6-2 
Sediment Toxicity Benchmarks 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Sediment Effect Concentrations (SEC) 
Selected Toxicity Benchmark 

(mg/kg) 

Analyte Effects Effects 
Threshold 

Probable 
No Effect Low High Benchmark Source 

Range Range 
Effects 

Effects 
Cone Benchmark Benchmark 

Low Median 
Level (TEL) 

Level 
(NEC) (TEC) (PEC) 

(ERL) (ERM) (PEL) 

Aluminum 13,500 58,030 25,519 59.572 73,160 13,500 73,160 a Ingerso II et a!., 1996 

Antimony 2 25 NA NA NA 2 25 b Long & Morgan, 1991 

Arsenic 9.79 33 c MacDonald et a!., 2000 

Barium NA NA NA NA NA NA NA --

Beryllium NA NA NA NA NA NA NA --

Cadmium 0.99 4.98 c MacDonald et al., 2000 

Chromium 43.4 Ill c MacDonald et al., 2000 

Cobalt NA NA NA NA NA NA NA --

Copper 31.6 149 c MacDonald et al., 2000 

Cyanide NA NA NA NA NA NA NA --

Lead 35.8 128 c MacDonald et al., 2000 

Manganese 726 1,673 631 1,185 4,460 631 4,460 a Ingersoll et al., 1996 

Mercury 0.18 1.06 c MacDonald et al., 2000 

Nickel 22.7 48.6 c MacDonald eta!., 2000 

Selenium NA NA NA NA NA NA NA --

Silver I 3.7 0.73 1.77 NA 0.73 3.7 d MacDonald eta!., 1996 

Thallium NA NA NA NA NA NA NA --

Vanadium NA NA NA NA NA NA NA --

Zinc 121 459 c MacDonald et al., 2000 

All untts are m mg/kg. 

NA =Not Available 

a Consensus-based values from MacDonald eta!. (2000) not available-- selected toxicity values are based on the minimum and maximum 
reported benchmarks from Ingersoll eta!. ( 1996 ). Toxicity values from Ingersoll eta!. ( 1996) are based on 28 day Hyalella azteca (HA28) 
toxicity studies and total extraction of sediment (BT). 

Sediment Tox Benchmarks.xls: Sed Tox 
2/15/2002 
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Table 6-3 
Screening Benchmarks for Amphibian Receptors from Aqueous Exposures 

Screeni11g Ecological Risk Assessment for Richardson Flat Taili11gs 

Number of 
Analyte Endpoint Species 

Values 

Antimony 2 
Eastern Narrow-Mouthed Toad 

(Gastrophryne caro/inensis) 

Arsenic 2 Eastern Narrow-Mouthed Toad 
(Gastrophryne carolinensis) 

Cadmium 205 
Eastern Narrow-Mouthed Toad 
(Gastrophryne carolinensis) 

Copper 63 
Eastern Narrow-Mouthed Toad 

(Gastrophryne carolinensis) 

Cyanide 9 Frog (Rana temporaria ) 

Lead 32 
Eastern Narrow-Mouthed Toad 

(Gastrophryne carolinensis) 

Mercury 38 
Eastern Narrow-Mouthed Toad 

(Gastrophrvne caro/inensis) 

Nickel 10 
Eastern Narrow-Mouthed Toad 

(Gastrophryne carolinensis) 

Selenium 13 
Eastern Narrow-Mouthed Toad 

(Gastrophryne carolinensis) 

Silver II 
Eastern Narrow-Mouthed Toad 

(Gastropluyne carolinensis) 

Zinc 66 
Eastern Narrow-Mouthed Toad 

(Gastrophryne caro/inensis) 
Lowest exposure concentratiOn selected for screentng benchmark. 
Mercury benclunark is based on inorganic mercury. 
For lethality endpoints. Screening Benchmark ~ LC50: I 0 
For cyanide. Screening Benchmark~ Avoidance Cone · I 00 

Source: A QUIRE Database 

Source Cjtatiops· 

Endpoint 
Exposure 

Source 
Duration 

LC 50 7 days 
Birge (1978) & Birge 

eta!. (1979) 

LC50 7 days 
Birge (1978) & Birge 

et al. ( 1979) 

LC50 7 days Birge et al. ( 1979) 

LC50 7 days Birge et al. ( 1979) 

Avoidance Not Reponed Costa ( 1965) 

LC 50 Not Reponed Birge et al. ( 1979) 

LC,n 7 days Birge et al. ( 1979) 

LC50 7 days 
Birge (1978) & Birge 

et al. (1979) 

LCo 7 days 
Birge (1978) & Birge 

et al. (1979) 

LC50 7 days Birge ( 1978) 

LC50 7 days Birge et al. ( 1979) 

Cone 
(ug/L) 

300 

40 

40 

40 

260 

40 

I 

50 

90 

10 

10 

Birge. W.J. 1978. Aquatic Toxicolob'Y of Trace Elements of Coal and Fly Ash. In: J H Thorp and J W Gibbons (Eds.). Deparnnent of Energy 
Symposium Series. Energy and Environmen~1l Stress in Aquatic Systems, Augusta, GA. 48:219-240. 

DRAFT 

Aqueous 
Screening 

Benchmark 
(ug/L)* 

30 

4.0 

4.0 

4.0 

0.26 

4.0 

0.1 

5.0 

9.0 

1.0 

1.0 

Birge. W.J., J.E. Hudson, J.A. Black, and A. G. Westerman. 1979. Embryo-Larval Bioassays on Inorganic Coal Elements and in Situ Biomonitoring of 
Coal-Waste Effluents. In: Symposium US Fish & Wildlife Service. Surface Mining- Fish & Wildlife Needs in Eastern US, WV. 97-104. 

Costa. H.H. 1965. Responses of Freshwater Animals to Sodium Cyanide Solutions Ill. Tadpoles of Rana temporaria. Ceylon J Sci Bioi Sci 5(2):97-
104. 

Amphib Benchmarks.xls: Amphib Benchmarks 
211512002 
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Table 6-4 
Phytotoxicity Benchmarks for Soil Exposures 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Analyte 
CH2MHill, 1987a & 

CH2MHill, 1987b 

Aluminum NA 

Antimony NA 

Arsenic 100 

Barium NA 

Cadmium 100 

Chromium NA 

Copper 100 

Lead 1000 

Mercury NA 

Selenium NA 

Silver 2 

Zinc 500 

All umts are mglkg dry weight. 
NA =Not Available 

Sources: 

Selected Phytotoxicity 
Efroymson et Benchmark (mg/kg dw) 

at., 1997 
Low High 

50 50 NA 

5 5 NA 

10 10 100 

500 500 NA 

4 4 100 

I I NA 

100 100 NA 

50 50 1000 

35 35 NA 

I I NA 

2 2 NA 

50 50 500 

CH2MHill. 1987a. Assessment of the Toxicity of Arsenic, Cadmium, Lead and Zinc in 
Soil, Plants and Livestock in the Helena Valley of Montana for East Helena Site 
(ASARCO), East Helena, Montana. 

CH2MHill. 1987b. Assessment of the Toxicity of Copper, Mercury, Selenium, Silver 
and Thallium in Soil, Plants and Livestock in the Helena Valley of Montana for East 
Helena Site (ASARCO), East Helena, Montana. 

Efroymson et al., 1997. Toxicological Benchmarks for Screening Contaminants of 
Potential Concern for Effects on Terrestrial Plants: 1997 Revision. 

Planr Risk_Snil Distrib re\'.xls: Veg Tox Benchmarks 
2115/2002 
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Table 6-5 
Phytotoxicity Benchmarks for Aqueous Exposures 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Number of Confidence in 
Analyte 

Literature Values Benchmark Value 

Aluminum 42 High 

Arsenic 7 Low 

Beryllium 11 Moderate 

Boron 2 Low 

Cadmium 52 High 

Chromium 14 Moderate 

Cobalt 10 Low 

Copper 17 Moderate 

Lead 25 Moderate* 

Manganese 19 Moderate 

Mercury 17 Moderate 

Selenium 10 Low 

Zinc 8 Low 

NA = Not A vai!able 
* Decreased confidence based on lack of variety in test species. 

Benchmark Confidence: 
:S:l 0 literature values = Low 
11-20 literature values= Moderate 
>20 literature values= High 

Benchmark Derivation: 
::;10 literature values= lowest LOEC 
> 10 literature values = 1Oth percentile LOEC 

Phytotoxicity 
Benchmark for 
Solutions (ug/L) 

300 

1.0 

500 

1000 

100 

50 

60 

60 

20 

4000 

5.0 

700 

400 

Efroymson, R. A .. M. E. Will, G. W. Suter II, A. C. Wooten. I 997. Toxicological 
Benchmarks for ScreeningContaminants ofPotential Concern for Effects on Terrestrial 
Plants: 1997 Revision. Oak Ridge National Laboratory (ORNL). Prepared for the U.S. 
Department of Energy, Office of Environmental Management. November I 997. 

Plant Risk_Seep rev.xls: Solution Benchmarks 
2/15/2002 
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Table 6-6 DRAFT 
Soil Fauna Toxicity Benchmarks for Soil Exposures 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

ORNL 
Selected Soil Invertebrate 

Analyte CCME RIVM 
Benchmark (mg/kg dw) 

Earthworm 

Aluminum NA 

Antimony NA 

Arsenic 60 

Barium NA 

Cadmium 20 

Chromium 0.4 

Copper 60 

Lead 500 

Mercury 0.1 

Selenium 100 

Silver NA 

Zinc 100 
All umts are mg/kg dry we1ght. 

NA =Not Available 

Micro-
organism 

600 

NA 

100 

3000 

20 

10 

100 

900 

30 

70 

50 

200 

Low High 

NA NA 600 NA 

NA NA NA NA 

20 34 20 100 

NA NA 3000 NA 

3 1.6 1.6 20 

NA 100 0.4 100 

150 40 40 150 

375 140 140 900 

0.8 0.67 0.1 30 

2 NA 2 100 

NA NA 50 NA 

600 160 100 600 

Oak Ridge National Laboratory (ORNL). Efroymson et al., 1997. Toxicological Benchmarks for Screening 
Contaminants of Potential Concern for Effects on Soil and Litter Invertebrates and Heterotrophic Process: 1997 
Revision. 

Canadian Council ofMinistries of the Environment (CCME). 1997. Resommended Canadian Soil Quality 
Guidlines. 

National Institute of Public Health and the Environment (Bilthoven, The Netherlands) (RIVM). 1997. Maximum 
Permissible Concentrations for metals, taking background concentrations into account. 

Soil Invert Risk_ Soil Distrib rev.xls: Soillnvert Benchmarks 
2.'15t2002 
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Table 6-7 
Uncertainty Factors Used in Deriving Wildlife TRVs 

Screening Ecological Risk Assessment for Richardson Flat Tailings , 

Category Basis for Description Uncertainty 
Uncertainty Factor 

A Inter-taxon Same species 1 -----Extrapolation Same genus, different species 2 
Same family, different genus 3 
Same order, different family 4 
Same class, different order 5 
Same phylum, different class Do not use v B Exposure Chronic study, approximately steady-state 1 

Duration Subchronic studies, steady state not achieved 3 
Subacute studies (4-9 days for aquatic, 7-29 days for terrestrial) 5 
Acute studies ( 1-3 days for aquatic, 1-6 days for terrestrial) 10 
Peracute studies (less than 1 day, single dose) 15 J-----c Toxicological NOEL for non-lethal sensitive endpoint 0.75 to 1 

Endpoint NOEL for lethality or severe endpoint 2 
NOAEL for non-lethal sensitive endpoint 1 to 2 
NOAEL for lethality or severe endpoint 3 
LOEL for non-lethal sensitive endpoint 2 to 3 
LOEL for lethality or severe endpoint 5 
LOAEL for non-lethal sensitive endpoint 3 to 5 
LOAEL for lethality or severe endpoint 10 .. 
FEL for non-lethal sensitive endpoint 5 to 10 '>:-

FEL for lethality or severe endpoint 15 ~f 
D Modifying Endangered species 2 " '<" Factors Threatened species 1.5 ~ . ' 

Listed species 1.25 r 

Relevance of toxicological endpoint to assessment endpoints 1 to 2 
Extrapolation from test conditions to site conditions 0.5 to 2 
Relevance of exposure medium and co-contaminants 0.5 to 2 
Relevance of mechanism to receptor of concern 1 to 2 
Sensitivity of test species compared to receptor of concern 0.5 to 2 
Reliability of methods used to estimate tissue levels 1 to 2 
Differences in age, gender, development 1 to 2 
Other factors 0.5 to 2 

TRY= Study Dose I Total UF 

Total UF =A· B · C · D, where A= a 1·az·a3· ......... ·an 

) 

' Wildlife Uncertainty Factors.doc 
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Table 6-8 DRAFT 
Summary of Ingestion TRVs for Wildlife Receptors 

Screening Ecological Risk Assessment for Richardson Flats Tailings 

MA.MMALL4.N RECEPTORS 
Deer 1\tlouse Mink Masked Shrew Red Fox 

Chemical TRV water diet water diet water diet water diet 

NOAEL 1.1 2.3 0.7 1.4 0.7 1.4 0.7 1.4 
Aluminum 

LOAEL 5.5 11.0 3.3 6.6 3.3 6.6 3.3 6.6 

NOAEL 0.013 0.025 0.003 0.006 0.003 0.006 0.013 0.025 
Antimony 

LOAEL 0.038 0.075 0.009 0.019 0.009 0.019 0.038 0.075 

NOAEL 1.3 2.5 0.3 0.2 0.3 0.1 0.3 0.2 
Arsenic 

LOAEL 3.8 7.6 0.8 0.5 0.8 0.4 0.8 0.6 

NOAEL 1.7 3.4 1.0 2.0 1.0 2.0 1.0 2.0 
Barium 

LOAEL 5.1 10.1 3.0 6.1 3.0 6.1 3.0 6.1 

NOAEL 0.8 0.8 0.2 0.5 0.2 0.5 0.2 0.5 
Cadmium 

LOAEL 2.5 1.7 0.5 1.0 0.5 1.0 0.5 1.0 

NOAEL 667 1.333 400 800 400 800 400 800 
Chromium 

LOAEL 2.000 4.000 1.200 2.400 1.200 2.400 1.200 2.400 

NOAEL 1.1 2.2 0.7 1.3 0.7 1.3 0.7 1.3 
Cobalt 

LOAEL 3.3 6.7 2.0 4.0 2.0 4.0 2.0 4.0 

NOAEL 3.8 168.0 17.7 8.8 0.8 33.6 4.4 2.2 
Copper 

LOAEL 9.0 362.0 25.7 12.8 1.8 72.4 6.4 3.2 

NOAEL 0.2 0.4 0.16 0.3 00 0.1 0.2 0.4 
Lead 

LOAEL 0.6 1.3 0.31 0.6 0.1 0.3 0.4 0.8 

NOAEL 14.7 29.3 8.80 17.6 8.8 17.6 8.8 17.6 
Manganese 

LOAEL 47.3 94.7 28.40 56.8 28.4 56.8 28.4 56.8 

Inorganic 
NOAEL 3.3 6.6 0.7 1.4 1.3 2.6 0.2 0.3 

Mercury 
LOAEL 9.9 19.8 2.1 4.1 4.0 7.9 0.5 1.0 

Organic 
NOAEL 0.004 0.008 0.040 0.081 0.002 0.005 0.030 0.061 

Mercury 
LOAEL 0.019 0.038 0.066 0.132 0.011 0.023 0.050 0.099 

NOAEL 0.1 13.3 0.1 8.0 0.1 8.0 0.1 8.0 
Nickel 

LOAEL 0.4 40.0 0.3 24.0 0.3 24.0 0.3 24.0 

NOAEL 0.1 0.1 0.039 0.1 0.0 0.1 0.0 0.1 
Selenium 

LOAEL 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 

NOAEL 0.002 0.003 0.001 0.002 0.001 0.002 0.001 0.002 
Thallium 

LOAEL 0.005 0.010 0.003 0.006 0.003 0.006 0.003 0.006 

NOAEL 0.6 1.1 0.3 0.7 0.3 0.7 0.3 0.7 
Vanadium 

LOAEL 1.7 3.3 1.0 2.0 1.0 2.0 1.0 2.0 

NOAEL 20 40 !56 311 12 24 39 78 
Zinc 

LOAEL 40 80 467 9" .).) 24 48 117 ?" _ _,_, 

All umls In mg1kg BW1day 

Page 1 of2 
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Table 6-8 
Summary of Ingestion TRVs for Wildlife Receptors 

Screening Ecological Risk Assessment for Richardson Flats Tailings 

Chernic:ll TRV 

NOAEL 
Aluminum 

LOAEL 

NOAEL 
Antimony 

LOAEL 

NOAEL 
Arsenic 

LOAEL 

NOAEL 
Barium 

LOAEL 

NOAEL 
Cadmium 

LOAEL 

NOAEL 
Chromium 

LOAEL 

NOAEL 
Cobalt 

LOAEL 

NOAEL 
Copper 

LOAEL 

NOAEL 
Lead 

LOAEL 

NOAEL 
Manganese 

LOAEL 

lnorganic 
NOAEL 

Mercur:y 
LOAEL 

Organic NOAEL 

Mercur:y 
LOAEL 

NOAEL 
Nickel 

LOAEL 

NOAEL 
Selenium 

LOAEL 

NOAEL 
Thallium 

LOAEL 

NOAEL 
Vanadium 

LOAEL 

NOAEL 
Zinc 

LOAEL 

Wildlife TRV> RFT.x\s: TRV Swnmary 
:II Si2Uo2 

.American Robin A . .nu.•rican Kestrel 
water diet water diet 

3.5 7.0 3.5 7.0 

17.5 35.0 17.5 35.0 

NA NA NA NA 

NA NA NA NA 

0.4 0.8 0.4 0.8 

3.5 7.1 3.5 7.1 

1.4 2.8 1.4 2.8 

2.8 5.6 2.8 5.6 

0.04 0.09 0.04 0.09 

1.2 2.4 1.2 2.4 

0.10 0.20 0. 10 0.20 

0.50 1.00 0.50 !.00 

0.13 0.27 0.13 0.27 

0.27 0.53 0.27 0.53 

2.0 4.0 2.0 4.0 

3.0 6.0 3.0 60 

0.4 0.9 0.4 0.9 

0.9 1.8 0.9 18 

32.6 65.1 32.6 65.1 

97.7 195.4 97.7 195.4 

0.()5 0.09 0.05 0.09 

0.1 0.2 0.1 0.2 

0.023 0.045 0.023 0.045 

0.090 0.181 0.090 0.181 

2.58 5.16 2.58 5.16 

7.7 15.5 7.7 15.5 

0.05 0.10 0.05 0.10 

0.1 0.2 0.1 0.2 

NA NA NA NA 

NA NA NA NA 

1.1 2.3 1.1 "' .... ~' 

3.4 6.8 3.4 6.8 

13 26 13 26 

39 79 39 79 

All umts 111 mg'kg BW;day 

A VLJ.N RECEPTORS 
Belted Kingftsher l\laUard Duck Greater-Sage Grouse 
water diet water diet water diet 

3.5 7.0 3.5 7.0 3.5 7.0 

17.5 35.0 17.5 35.0 17.5 35.0 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

0.4 0.8 0.4 0.8 0.4 0.8 

3.5 7.1 3.5 7.1 3.5 7.1 

1.4 2.8 1.4 2.8 1.4 2.8 

2.8 5.6 2.8 5.6 2.8 5.6 

0.04 0.09 0.04 0.09 0.04 0.09 

1.2 2.4 1.2 2.4 1.2 2.4 

0.10 0.20 0.10 0.20 0.10 0.20 

0.50 1.00 0.50 1.00 0.50 1.00 

0.13 0.27 013 0.27 0.13 0.27 

0.27 0.53 027 0.53 0.27 0.53 

2.0 4.0 2.0 4.0 2.0 4.0 

3.0 6.0 3.0 6.0 3.0 6.0 

0.4 0.9 0.4 0.9 0.4 0.9 

0.9 1.8 0.9 1.8 0.9 1.8 

32.6 65.1 32.6 65.1 32.6 65.1 

97.7 195.4 97.7 195.4 97.7 195.4 

0.05 0.09 0.05 0.09 0.05 0.09 

0.1 0.2 0.1 0.2 0.1 0.2 

0.023 0.045 0.023 0.045 0.023 0.045 

0.090 0.181 0.090 0.181 0.090 0.181 

2.58 5.16 2.58 5.16 2.58 5.16 

7.7 15.5 7.7 15.5 7.7 15.5 

0.05 0.10 0.05 0.10 0.05 0.10 

0.1 0.2 0.1 0.2 0.1 0.2 

NA NA NA NA NA NA 

NA NA NA NA NA NA 

1.1 2.3 !.1 2.3 1.1 2.3 

3.4 6.8 3.4 6.8 3.4 6.8 

13 26 13 26 13 26 

39 79 39 79 39 79 

DRAFT 
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Table 7-1 DRAFT 

Surface Water Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Wat.r EPC 
Total Ambient Dissolved Ambient 

(ug/L} 
Water Quality Water Quality Total HQ Dissolved HQ 
Criteria (ug!L) Criteria (ug/L} 

Station In formation Paramete-r Total Dissolved ...\('Ute Chronic Acute Chronk Acute Chronic Acute Chronic 

Aluminum NA ~9.1 750 87 751) S7 NC NC -lE-O~ 3E-Ol 

Upstream Silver Crrek Arsenic NA 3.3 3-lo 15(1 340 151) NC NC 1E-11~ 2E-02 
Cadmium NA 3.3 7.S 0.5 7.0 0.4 NC NC 5E-111 8E+OO 

492685 Chromium NA 3.3 16 II 5.1 9.5 NC NC 6E-OI 3E-Ol 
Copper NA 8 52 1~ 50 17 NC NC ~E-01 5E-ll1 

S!L l'ER CK AT US40 Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 
.\7NG E OF PARA- C!Tr Lead NA 6 4]7 5 252 4 NC NC 3E-02 2E+OO 

Mercury NA (I.] [I 1.4 n.s 1.~ 0.7 NC NC SE-0~ 2E-01 
Hardness 4S9 (mg/L) Selenium NA 1.8 19 5.0 18 4.6 NC NC IE-01 4E-Ol 

Silver NA 1.0 35 NA 30 NA NC NC 3E-02 NC 

Zinc NA 1170 460 226 450 222 NC NC 3E+OO SE+OO 

TOTAL HI NC NC 4E+OO lE-till 

Aluminum NA 64.7 750 ~7 750 S7 NC NC 9E-1J~ 7E-Ol 

Upstream Silver Crt"ek Arsenic NA 2.5 340 150 3411 150 NC NC 7E-IJ3 2E-02 

C21dmi\lm NA 12.\1 7.S 0.5 7.0 0.4 NC' NC 2E+OO 3E+Ol 

492695 Chromium NA 3.6 16 11 5.1 9.5 NC NC ?E-01 4E-01 

S!L VER C'K@ C!Tr 
Copper NA 9 47 IS 45 17 NC NC 2E-Ol 5E-(1l 

PARK .~8 PROSPECTOR 
Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

SQWRE Lead NA 5 417 5 252 ~ NC NC 2E-0:2 JEc-1./IJ 

MercuiY NA (1.]0 1.4 o.S u 0.7 NC NC SE-02 2E-<ll 
HarJness 361 (mg1L) Selenium NA 2.0 19 5.0 18 4.6 NC NC IE-01 4E-OI 

Silver NA U< 35 NA 30 NA NC NC 3E-02 NC 
Zinc NA 1011 355 226 347 222 NC NC 3E+OO SE-tiiO 

TOTALID NC NC 6E-til0 4E-till 

Aluminum NA NA 750 S7 750 87 NC NC NC NC 

Up>tream Silver Creek Arsenic NA NA 340 150 3~0 150 NC NC NC NC 
Cadmium NA NA 4.3 0.5 3.9 1).4 NC NC NC NC 

N4 Chromium NA NA 16 II 5.1 9.5 NC NC NC NC 
Copper 390.00 NA 2'7 17 26 16 lE+Ol 2E+Ol NC NC 

St'ln;r Creek upstrt!am of Cyanide 6.44 NA 22 5.2 22 5.2 3E-IJ1 !E+<JO NC NC 
din:!rsion ditch Lead 1480.46 20 197 5 136 4 8E+OO 3E+02 1E-01 SE+OO 

MercuiY 143.01 NA 1.4 O.S 1.~ 0.7 IE+02 2E+02 NC NC 
Hardness 2tlll (mg'L) Selenium NA NA 19 5.0 18 4.6 NC NC NC NC 

Silver NA NA 13 NA II NA NC NC NC NC 
Zinc 1350.04 560 216 216 211 213 6E-Hl0 6E-til0 3E-til0 3E+OO 

TOTALm lE-Hll 5E+Ol 3E+OO 8E+OO 

Aluminum 25.00 25.0 750 S7 750 87 3E-02 3E-01 3E-02 3E-1Jl 

Upstream Silver Creek Arsemc 1U.fl0 7.1\ 340 150 340 150 3E-02 7E-02 2E-fl~ 5E-Il~ 

Cadmium 4.00 2.0 7.3 0.5 7.0 [1.4 5E-OJ 9E+OO 3E-Oi SE+OO 

RF-7 Chromium 7.50 7.5 16 II 5.1 9.5 SE-01 ?E-01 IE+OO 8E-OI 

Sih·.:r Creek up.strt?am of 
Copper 13.00 4 52 18 50 17 3E-OJ 7E-01 SE-02 2E-1<1 

Cyanide NA NA 
,, 

5.2 
,, 

5.2 NC NC NC NC 
conjluence with sourh 

Lead 74.00 3 417 5 252 4 2E-01 lE+Ol IE-02 6E-Il1 
din•rsion ditch 

1\lercuiY 0.25 (1.25 1.4 1\.8 1.2 0.7 2E-OJ 3E-01 2E-1J1 4E-01 

Hardness 43~ (mgiL) Selenium 2.50 2.5 19 5.0 18 4.6 IE-01 5E-Ol IE-01 SE-01 
Silver 4.3S 4.4 35 NA 30 NA 1E-ol NC lE-O I NC 
Zinc 96000.00 83000 414 226 405 22~ 2E-till 4E-Hl2 2E-til2 4E-til2 

TOTALm lE-till SE-Hl2 2E-til2 4E-til2 

Aluminum ]llfl.(\\1 SSA 750 87 750 S7 1E-IJJ IE+0\1 IE-OJ lE+IIO 

Upstream Silver Creek Arsenic 13.0tl S.2 340 150 34fl 150 4E-Il2 9E-<.>2 2E-02 5E-02 

C3dmium S.IJIJ 6.0 :_s 1.1.5 7.0 0.4 1E+IJO 2E+Ol 9E-OI lE+Ol 

RF-7-2 Chromium 3.00 6.0 16 II 5.1 9.5 2E-OI 3E-Ol IE+OO 6E-01 

Siln:!r C ret:'k upstr~am of 
Copper 7.73 6 52 IS 50 17 1E-01 4E-IJ1 IE-I.ll 4E-111 

conJlut?nce ... vith south 
Cyanide 2.00 NA 22 5.2 22 5.2 9E-02 4E-01 NC NC 

din?rsion ditch Lead 78.[10 5 417 5 252 4 2E-OJ tE+Ol 2E-!J2 lE+OO 

Mercury 0.24 !.1.22 u O.S 1.2 0.7 2E-fl1 3E-01 2E-111 3E-Ill 

Hardness 4~7 (mgiL) Selenium 4.69 2.3 19 5.0 18 4.6 2E-01 9E-01 IE-01 SE-01 
Silver 1~.58 3.S 35 NA 30 NA -IE-1\1 NC IE-01 NC 
Zinc 2100.00 2000 450 226 440 222 SE+OO 9E+OO SE+OO 9E-til0 

TOTALm 7E-til0 4E-till 7E-til0 3E-till 

Aluminum :W.31J NA 7511 87 750 87 3E-02 2E-IJI NC NC 
l.'pstream Silver Creek Arsenic 4.:!0 NA 340 15!_1 340 150 lE-02 3E-02 NC NC 

Cadmium 3.90 NA 4.3 0.5 3.9 0.-l 9E-il! 9E+OO NC :-JC 
RF-SW-01 Chromium 3.90 NA 16 11 5.1 9.5 ~1 4E-OI NC NC 

Copper 10.01\ :-JA 21 17 26 16 4E-fll 6E-111 NC NC 

S/ln!r Crt?t!k upstream of Cyanide NA NA 22 5.2 22 5.2 NC :-JC NC NC 
diwrsion ditch Lead 35.3ll NA 197 5 136 4 2E-11! 7E+OO NC NC 

:VIercury n.to NA 1.4 o.s 1.2 0.7 7E-Il2 JE-111 NC NC 

Hardness 21-"l (mg-L) Selenium 7.50 NA 19 5.0 18 4.6 4E-01 2E-ti10 NC NC 
Silver 1.20 NA 13 NA II NA 9E-o2 NC NC NC 

Zinc 1110.00 NA 216 ~16 211 213 SE-tiiO SE+OO NC NC 

TOTALm 7E-til0 2E-till NC NC 
... Page I .~f 6 



Table 7-1 DRAFT 

Surface Water Ha:mrd Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water EPC 
Total Ambient Dissolved Ambient 

(ug/L) 
Water Quality Water Quality TotalHQ DissolvedHQ 
Criteria (ug!L) Criteria (ug!L) 

Station lu formation Parameter Total Dissolved .\cute Chronk Acute- Cbronk Acute Chronic At:ute Chronir 

Aluminum 70.lll NA 750 S7 750 87 9E-O~ SE-01 NC NC 
Upstream Silver Creek Arsenic 5.20 NA 340 !50 340 !50 ~E-0~ 3E-02 NC NC 

Cadmium 1.65 NA 4.3 0.5 3.9 1).4 4E-OI 4E-Hl0 NC NC 
RF-SW-<l2 Chromium 3.90 NA 16 II 5.1 9.5 2E-{)1 4E-<ll NC NC 

Copper IO.UU NA ~7 17 ~6 16 4E-OI 6E-OI NC NC 
Sih·er Creek upstream of Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

diversion ditch Leod 18.80 NA 197 5 136 4 IE-IJI 3E-Hl0 NC NC 
Mercury 0.10 NA 1.4 0.8 1.~ 0.7 7E-02 lE-O! NC NC' 

Hordness 200 (mg'L) Selenium 7.50 NA 19 5.0 18 4.6 4E-<ll lE-100 NC NC 
Silver 1.~(1 NA 13 NA II NA 9E-02 NC NC NC 

Zinc 2080.00 NA 216 216 211 213 lE-Hll lE-Hll NC NC 

TOTALHJ lE-Hll lE-Hll NC NC 

Aluminum 19.3(1 NA 750 87 750 87 3E-02 2E-OI NC NC 
lT p~tre·am Silver Crf'ek Arsenic 7.3(1 NA 340 !50 340 !50 2E-02 5E-02 NC NC 

Cadmium 1.65 NA 4.3 0.5 3.9 0.4 4E-1l! 4E-Hl0 NC NC 

RF-SW-<l3 Chromium 3.90 NA 16 II 5.1 9.5 2E-OI 4E-<ll NC NC 
Copper 10.00 NA 27 17 ~6 16 4E-111 6E-Ol NC NC 

Sih·er Crt?r?k upstrewn ol Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 
din?rsion ditch Lead 15.00 NA 197 5 136 4 8E-O~ 3E-Hl0 NC NC 

Mercury 0.10 NA I ..I O.S 1.2 ll.7 7E-02 IE-OJ NC NC 
Hardness ~on (mg,L) Selenium 7.50 NA 19 5.0 18 4.6 4E-Ol lE-HlO NC NC 

Silver 1.2!.1 NA 13 NA II NA 9E-02 NC NC NC 
Zinc 769.00 NA 216 216 211 213 4E-Hl0 41!:-HlO NC NC 

TOTALID SE-HlO lE-Hll NC NC 

Aluminum 65.50 NA 750 87 750 87 9E-il2 8E-Ol NC NC 
Upstream Silver Creek Arsenic 7.6(1 NA 340 !50 3~0 !5fl 2E-02 5E-02 NC NC 

Cadmium 3.50 NA 4.3 0.5 3.9 0.4 SE-fll 8E-Hl0 NC NC 

RF-SW-{)4 Chromiwn 3.90 NA 16 II 5.1 9.5 2E-{)1 4E-<ll NC NC 

) 
Copper li.I.OII NA 27 17 26 16 4E-1)J 6E-Ol NC NC 

Sih·er Creek upstr.·am oj Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 
dil·ersion ditch Leod 36.40 NA 197 5 136 4 ~E-IJI 7E-Hl0 NC NC 

Mercury O.lll NA 1.4 IJ.S 1.2 0.7 7E-02 lE-O! NC NC 
Hardness :wo (mg'L) Selenium 7.50 NA 19 5.0 18 4.6 4E-OI lE-HlO NC NC 

Silver l.~ll NA 13 NA II NA 9E-02 NC NC NC 
Zinc 776.00 NA 216 216 211 213 4E-Hl0 4E-Hl0 NC NC 

TOTALm 6E-Hl0 lE-Hll NC NC 

Aluminum 69.00 170.<.1 750 S7 750 87 9E-1)2 SE-1.11 2E-l.ll 2E-Hl0 

Fpstr.am Silver Cr•ek Arsenic 7.(Hl 7.0 34ll !50 340 !50 ~E-02 SE-02 2E-02 5E-02 

Cadmium 3.00 I.IJ 7.8 0.5 7.1J !).4 4E-Ol 6E-Hl0 IE-1.11 2E-Hl0 

USC-3 Chromium 5.00 5.0 16 II 5.1 9.5 3E-OI SE-01 IE-HlO 5E-{)J 

Si/n~r Crt•ek .11 
Copper 7.00 3 52 IS 50 17 IE-01 4E-Ol SE-02 IE-1.11 

Richardson F/(J{s," 
Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

upslrt•am of RR !Yt'Sst!l 
Lead 41.1JO 3 417 5 252 4 !E-ll! 8E-Hl0 IE-1.12 6E-Ol 

Mercury NA NA 1.4 o.s 1.~ 0.7 NC NC NC NC 
HorJn.ess 454 (m~ L) Seleniwn 2.50 2.5 19 5.0 18 4.6 JE-{)1 SE-{)1 IE-<ll SE-01 

SilveT 2.50 2.5 35 NA 30 NA 7E-IJ2 NC SE-02 NC 

Zinc 1200.00 1100 432 226 423 222 3E-Hl0 SE-100 3E-Hl0 5E-Hl0 

TOTALm 4E-Hl0 lE-Hll 4E-Hl0 lE-Hll 

Aluminum 25.00 25.0 75<.1 87 75ll ~~ 3E-02 3E-1JI 3E-02 3E-UI 

Fpstream Silver Creek Arsenic 2.50 5.0 340 !50 340 !50 7E-1.13 2E-f.l2 lE-O~ 3E-t12 
Cadm.jum 6.UO 1.0 7.8 0.5 7.(1 1).4 SE-Ol IE-Hll lE-U! 2E-Hl0 

USC-5 Chromium 5.00 5.0 16 II 5.1 9.5 3E-<ll 5E-{)J IE-HlO 5E-{)1 

Siln!r Crr?ek abo\'e 
Copper 9.00 7 52 IS 50 17 ~E-01 5E-OI IE-OJ 4E-Oi 

Cvanide NA NA 22 5.2 
,, 

5.2 NC NC NC NC 
Richardson Flars; at old 

Lead 26.011 3 417 5 252 4 6E-02 5E-Hl0 IE-02 6E-Ol north road to silt? 
Mercury NA NA 1.4 IJ.8 1.2 0.7 NC NC NC NC 

Hordness 464 (mg,L) Selenium 2.50 2.5 19 5.0 18 4.6 JE-{)J SE-01 IE-<ll SE-01 
Silver 2.50 2.5 35 NA 30 NA 7£-02 NC SE-02 NC 
Zinc 1900.00 2000 439 226 430 222 4E-Hl0 8E-Hl0 SE-HlO 9E-Hl0 

TOTALm 6E-Hl0 3E-Hll 6E-Hl0 lE-Hll 

Aluminum :!5.00 25.0 750 S7 7)11 s~ 3E-O~ 3E-Oi 3£.(12 3E-l.ll 

U p•tream Silver C r .. k Arsenic 19.1)1) 8.0 341) 151.1 340 151l 6E-l.l2 IE-OJ ~E-iJ2 5E-02 

Codmium 2.00 2.0 7.8 0.5 7_!) 11.4 3E-l.ll 4E-Hl0 3E-1.ll 5E-Hl0 

usc~ Chromium 5.00 5.0 16 II 5.1 9.5 3E-<ll 5E-{)1 lE-HlO 5E-{)J 
Cc,pper 6.011 3 52 IS 50 17 IE-ill 3E-ill 5£-1)2 IE-OJ 

) Siher Cr~t:>k be/mt' Sih.'r Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 
.\laple Claim.s Lead 31.no ·' 417 5 252 4 -:'E-1.12 6E-Hl0 IE-1J2 6E-1Jl 

Mercury tJ.n-l o.un4 1.4 (l.S 1.2 n.7 3E-o2 5E-02 3E-n3 6E-iJ3 
HorJness 4811 (mg<Li Selenium 2.SO 2.5 19 5.0 18 4.6 IE-<ll 5E-{)1 lE-<ll 5E-{)J 

Silver 2.50 2 . .5 35 NA Jn NA 7£-02 NC SE-!"12 NC 
Zinc 1400.00 1400 4S3 226 443 222 3E-Hl0 6E-Hl0 3E-Hl0 6E-Hl0 

TOTALm 4E-Hl0 lE-Hll SE-HlO lE-Hll 
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Table 7-1 DRAFT 

Surface Water Hazard Quotients (HQs) for Aquatic Receptors 

Screening E1.'0logkal Ri~ Assessment for Richardson Flat Tailings 

Surface Water EPC 
Total Ambient Dilisolved Ambient 

(ug/L) 
Wafer Qualify Water Quality TomiHQ Di>solvedHQ 
Crit<ria (ug/L) Criteria (ug/L) 

Station Information Parameter Total Dissolved Acute Chronic Acute Chronic .-\cute Chronic .Acuh.• Chronic 

Aluminum 710.1)11 25.0 750 87 75() S7 9E-01 8E-ffi0 3E-02 >E-01 

Upstream Silver Creek Arsenic 2.5tJ 5JJ 340 150 340 150 7£-03 2E-02 IE-112 3E-02 

Cadmium 10.00 '7.!1 7.S 0.47 7.0 (<.41 lE+OU 2E-ffil IE+IIIJ 2E-ffil 

USC-7 Chromium 4.38 4.4 16 II 5.1 9.5 3E-OI 4E-OI 9E-OI SE-01 
Copper IS.OO 12 47 18 45 ]7 4E-111 IE+OU 3E-1>1 7E-01 

Silrer Crt?t?k abo\'e Sdwr Cyanide NA NA 22 5.2 21 5.2 NC NC NC NC 
.\!aple Claims LeaJ 27.1)0 2 417 5 252 -1 6E-02 5E-ffi0 9E-n3 6E-<ll 

Mercury 0.05 O.!lfl4 1.4 0.8 1.2 0.7 4E-<11 7E-02 3E-03 6E-03 

HorJness >61 (mg;L) Selenium 2.50 2.5 19 5.0 18 4.6 IE-01 5E-OJ IE-01 SE-01 
Silver 2.13 2.1 35 NA 30 NA 6E-02 NC 'E-Il2 NC 
Zinc 2500.00 2100 355 226 347 222 7E-ffi0 lE-ffil 6E-ffi0 9E-ffi0 

TOTALID lE-ffil SE-ffil 8£-100 3E-ffil 

DO\vnstre·am Silver Aluminum 50.00 1.5.0 750 S7 75o S7 7E-112 6E-<l1 2E-o2 2E-o1 

Creek Arsenic S.70 12.0 3-10 1511 340 150 3E-U2 6E-<J2 4E-02 SE-u2 
Cadmium 0.50 11.5 7.S <l-17 7.0 0.41 6E-02 IE+<lfl 7E-02 IE+Illl 

492679 Chromium 5.80 2.5 16 11 5.1 9.5 4E-OI SE-01 SE-01 3E-OI 
Copper 6.00 6 52 IS 5(1 17 IE-01 3E-OI lE-O! 4E-<<I 

S!L I'ER CREEK IV1~TP 
Cyanide 5.lHJ NA 22 5.2 22 5.2 2E-<1l IE+0\1 NC NC 

Lead 1.5<.1 2 417 5 252 4 4E-03 3E-<.>1 6E-03 4E-fll 

Mercury IJ.IO O.HI 1.4 O.S 1.2 0.7 7E-02 IE-IJI SE-02 cE-O I 

Hardness 5Sl (mg'L) Selenium 0.50 1.2 19 5.0 18 4.6 3E-02 IE-01 7E-02 3E-OI 
Silver 1.<.10 1.0 35 NA 30 NA 3£-(12 NC 3E-ll2 NC 

Zinc 170.00 330 469 226 458 222 4E-OI 8E-OI 7E-01 IE+OO 

TOTALID IE+OO SE-ffiO 2E-100 4E-ffi0 

Downstream Silver Aluminum NA 15.1) 750 S7 750 S7 NC NC 2E-02 2E-<ll 

Creek Arsenic NA 7.6 3-W 150 340 15V NC NC 2E-02 5E-02 
CaJmium NA 1.1 7.3 0.47 7.0 0.41 NC NC 2E-1ll 3E-ffi0 

492680 Chromium NA 2.5 16 II 5.1 9.5 NC NC SE-01 3E-OI 

) 
Copper NA 6 52 IS jl) 17 NC NC IE-OJ 4E-Ol 

S!L I'ER CK AB Cyanide NA NA 00 5.2 22 5.2 NC NC NC NC 
.~TKJ.VSON LeaJ NA I<.J 417 5 252 4 NC NC 4E-Il2 2E-ffi0 

Mcrcury NA 1.1.10 1.4 n.s 1.2 U.7 NC NC SE-112 2E-111 
fbrJness 462 (mg,L) Selenium NA 1.2 19 5.0 18 4.6 NC NC 7E-02 3E-OI 

Silvcr NA l.ll 35 NA 3() NA NC NC 3E-02 NC 
Zinc NA 765 438 226 428 222 NC NC 2E-HIO 3E-ffi0 

TOTALID NC NC 3E-HIO lE-ffil 

Downstream Silver Aluminum NA NA 750 S7 750 S7 NC NC NC NC 
Creek Arsenic NA NA 340 150 34(1 150 NC NC NC NC 

Cadmium NA NA 4.3 0.45 3.9 0.-li.l NC NC NC NC 
N6 Chromium NA NA 16 11 5.1 9.5 NC NC NC NC 

Copper !0.24 NA 27 17 26 16 4E-<JI 6E-<JI NC NC 
Sdwr Crrek doH·nstrr?am Cyanide 2.65 NA 00 5.2 22 5.2 IE-IJI SE-01 NC NC 

ofdiwrsion ditch Lead 145.3-1 25 197 5 136 4 7E-Il1 3E-ffil 2E-11l 6E-ffi0 

Mercury 133.116 NA l.-1 o.S 1.2 n.7 1E-ffi2 2Effl2 NC NC 
HarJness 200 (mg,L) Selenium NA NA 19 5.0 18 4.6 NC NC NC NC 

Silver NA NA 13 NA II NA NC NC NC NC 
Zinc 901.51 370 216 216 211 213 4E-ffi0 4E-100 2E-HIO 2E-IOO 

TOTALID 1E-ffi2 2E-H12 2E-HIO SE-100 

Down~tream Sill-·er Aluminum 330.!)!) 33.3 750 87 75(1 S7 4E-<.JI 4E-ffi0 4E-o2 4E-<.11 

Creek Arsenic 31.00 8.2 3~() !50 340 15<1 9E-ll2 2E-01 2E-!.l2 5E-02 

CJdmmm 9.1.10 2.1 7.S 0.47 7.0 1).41 lE+!HI 2E-ffil 3E-!.ll SEfflO 

RF-8 Chromium 4.00 8.7 16 11 5.1 9.5 3E-OI 4E-OI 2E-100 9E-OI 

Si/n·r Cret?k do\t'nstr.•am 
Copper 10.43 4 52 IS 50 17 2E-01 6E-<ll SE-l<2 2E-11l 

Cym1ide 2.00 NA 00 5.2 22 5.2 9E-Il2 4E-<Jl NC NC 
ofconjlurnce with smah 

Lead 340.00 6 417 5 252 4 SE-IJI 6E-ffil 2E-o2 IE+IIII 
di,·t?rst·on ditch 

1\.lercury n.35 0.22 1.4 u.s 1.2 0.7 2E-OI SE-01 2E-Ill 3E-Ol 
Hardness 495 (mg L) Selenium 5.00 2.4 19 5.0 18 4.6 3E-OI IE-ffiO IE-01 SE-01 

Silver 4.95 3.9 35 NA 30 NA I E-ll I NC IE-< II NC 
Zinc 1700.00 1100 464 226 454 222 4E-ffi0 8E-100 2E-HIO SE-100 

TOTALID 7E-ffi0 1E-ffi2 SE-HIO lE-ffil 

DO\nastream Sil"·er Alum mum NA NA 75(1 S7 750 S7 NC NC NC NC 
Creek Arsenic lt.J.OO IO.U 34fJ 150 340 150 3£-()2 7E-02 3E-rl2 7E-02 

Cadmium 3.fJfl 2.ll -l.3 0.45 3.9 0.4() C'f-<11 7E-ffi0 5E-<.11 SE-ffiO 

RF-8-2 Chromium 10.00 10.0 16 11 5.1 9.5 6E-Ol 9E-OI 2E-100 IE-ffiO 

) 
Sdn'Y ( "rrek doH·nsrr.•am 

Copper 5.!JfJ 5 2'7 17 26 16 2E-111 3E-nt 2E-r'!l 3E-O\ 
Cyanide :-lA :-lA 00 5.2 22 5.2 :-.IC NC :-.IC :-IC 

t?(con_tluenct' wt'rh sml{h 
LeaJ 2S.O(l 197 5 136 4 IE-<<1 5E-ffi0 2E-o2 6E-ol 

di"~rsion dt'rch -' 
Mercury 0.25 fJ.25 l.-1 u.s 1.2 ()_7 2E-01 3E-r.Jl 2E-111 4E-11l 

Hardness 2tJO (mg·L) Selenium 2.50 2.5 19 5.0 18 4.6 IE-01 SE-01 IE-01 SE-01 
Silvcr 5.!Hl 5.r) 13 NA II NA -lE-<11 :-IC 4E-"1 NC 
Zinc 850.00 850 216 216 211 213 4E-ffi0 4E-100 4E-ffi0 4E-100 

TOTALID 6E-ffi0 2E-ffil SE-100 lE-ffil 
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Table 7-1 DRAFT 

Surface Water Huzard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water EPC 
Total Ambient Dissolved Ambient 

(ug/L) 
Water Quality Water Quality TotalHQ Dis>olved HQ 
Criteria (ug/L) Criteria (ug/L) 

Station Information Para1neter Total Dissolved A.f:ute Chronic. Acute Chronic Acute Chronic .-.\cute- ChroniC' 

Downstream Silver Aluminum S.55 NA 750 S7 750 S7 I E-ll" IE-OJ NC NC 
Creek Arsenic 7."0 NA 3-lll ])(I 340 1511 2E-n2 5E-O" NC NC 

Cadmium 1.65 NA 4.3 ll.45 3.9 IJ.-li.J 4E-Ill 4E-t1l0 NC NC 
RF-SW-05 Chromium 3.90 NA 16 11 5.1 9.5 2E-01 4E-OI NC NC 

Copper IO.IJI) NA 27 17 "6 16 4E-Ol 6E-OI NC NC 
Sill'~::>r CrrJek down.srream Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

ofdi,·ersion ditch le~d 151.1.11.1 NA 197 5 136 4 SE-Ill 3E-t1ll NC NC 
Mercury 0.11.1 NA 1.4 o.S 1.2 1).7 7E-(J2 IE-Ill NC NC 

HarJness "00 (mg;L) Selenium 7.50 NA 19 5.0 18 4.6 4E-OI 2E-t00 NC NC 
Silver 1.20 NA 13 NA II NA 9E-<.12 NC NC NC 
Zinc 466.00 NA 216 216 211 213 2E-t1l0 2E-H>O NC NC 

TOTALHJ 5E-t1l0 4E-t1ll NC NC 
Downstream Silver Aluminum IS5.0o NA 750 S7 750 87 2E-Ill 2E-t1l0 NC NC 

Creek Arsenic 12.50 NA 3-ln 151) 340 1511 4E-Il2 SE-112 NC NC 
Cadmium 1.65 NA -l.3 0.45 3.9 ll.4(1 4E-01 4E-t1l0 NC NC 

RF-SW-06 Chromium 3.90 NA 16 II 5.1 9.5 2E-01 4E-OI NC NC 
Copper 10.1)(1 NA 2-:' 17 26 16 4E-01 6E-01 NC NC 

Siln~r Crr?t?k dawnstrt?am Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 
ufdi\'t:'rsion ditch LeaJ 33.2(1 NA 197 5 136 4 "E-ill 6E-t1l0 NC NC 

Mercury li.lll NA 1.4 O.S 1.2 0.7 7E-il2 IE-<"11 NC NC 
Hardness :!01) (mg'l.) Selenium 7.50 NA 19 5.0 18 4.6 4E-01 2E-t00 NC NC 

Silver 10.110 NA 13 NA II NA 7E-ill NC NC NC 
Zinc 321.00 NA 216 216 211 213 IE+OO IE-t1l0 NC NC 

TOTALHJ 4E+OO 2E-t1ll NC NC 
Downstreant Silver Aluminum 350.0(_1 25.0 750 ~7 750 87 5E-lll 4E-t1l0 3E~02 3E-1.11 

Creek Arsenic 6.(10 6.1.1 340 150 34U 150 2E-02 4E-1"12 :!E-02 4E-IJ:! 
Cadmium 2.00 l.S 7.S IJ.47 7.U 0.41 3E-01 4E+OO 3E-01 4E-t1l0 

USC-I Chromium 5.00 5.0 16 II 5.1 9.5 3E-OI SE-01 IE-t1l0 SE-01 

) Siln'r Crer>k bdu\\' 
Copper 1:!.011 3 52 ~~ 5o 17 2E-111 7E-lll 5E-<.I:! IE-<Jl 

Richurdson Flat; at [.'2-18 CyaniJe NA NA 22 5.2 22 5.2 NC NC NC NC 

rail tress(_·/ Lead 51.(111 3 4P 5 252 4 IE-lll 9E-HIO I E-ll:! 6E-1Jl 
Mercury (1.11 IJ.ll!l2 1.4 u.s 1.2 0.7 SE-0:! IE-lll 2E-03 4E-03 

HarJness .521 (mg'L) Selenium 2.50 2.5 19 5.0 18 4.6 IE-01 SE-01 IE-01 SE-01 
Silver :!.50 2.5 35 NA 30 NA 7E-02 NC ~E-O:! NC 
Zinc 1100.00 1000 469 226 458 222 2E+OO SE-+00 2E+OO 4E-t1l0 

TOTAL HI 4E+OO 2E-t1ll 4E-t00 1E-t1ll 
])o\\·ltstream Silver Aluminum 25.0!_1 25.0 750 ~7 750 S7 3E-02 3E-1.Jl 3E-02 3E-111 

Creek Arsenic 2.50 7.11 340 150 340 150 7E-03 2E-02 2E-02 5E-IJ2 
Cadmium :!.00 1.5 7.8 OA7 7.(1 0.41 3E-ol 4E-t1l0 2E-111 4E-t1l0 

USC-2 Chromium 5.00 5.0 16 II 5.1 9.5 3E-OI 5E-OI IE-t1l0 SE-01 

Siln:>r Creek bdO\t' 
Copper :!.50 3 52 ~~ 511 17 5E-02 IE-01 5E-02 IE-III 
Cyanide NA NA 22 5.2 

,, 
5.2 NC NC NC NC 

Richardson Flat; at U2-18 
lead 16.00 12 4P 5 252 4 4E-I.I:! 3E-t1l0 5E-02 3E-t1l0 cu/n,>rt 

Mercury NA NA 1.4 II.~ 1.2 0.7 NC NC NC NC 
HarJness 5ltl (mg'L) Selenium 2.50 2.5 19 5.0 18 4.6 IE-01 SE-01 IE-01 5E-OI 

Silver 7.00 2.5 ~5 NA 30 NA :!E-1)\ NC SE-1.12 NC 
Zinc 630.00 710 469 226 458 222 IE-t1l0 3E-t1l0 2E+OO 3E-t1l0 

TOTALHl 2E+OO lE+Ol 3E-t1l0 1E-t1ll 
Aluminum NA NA 750 87 750 S7 NC NC NC NC 

Site- Dive-rsion Ditch Arsenic NA NA 340 1511 340 150 NC NC NC NC 
Cadmium NA NA 4.3 11.45 3.9 11.411 NC NC NC NC 

N5 Chromium NA NA 16 II 5.1 9.5 NC NC NC NC 
Copper lii.S7 NA 27 JC' 26 16 4E-111 6E-!Jl NC NC 

Din:!rsion Ditch Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC' 
LeaJ 44.61 NA 197 5 136 4 2E-l11 8E-t1l0 NC NC 

Mt1"cury 0.20 NA 1.4 rJ.S 1.2 r.J.i IE-III 3E-01 NC NC' 
Hardness 2llll (mg L) Selenium NA NA 19 5.0 18 4.6 NC NC NC NC 

Silver NA NA 13 NA II NA NC NC NC NC 
Zinc 918.35 NA 216 216 211 213 4E+OO 4E-t00 NC NC 

TOTALHJ SE-100 1E-t1ll NC NC 
Aluminum 5SU.III.I 19().f.l 75() ~7 ....,)I) 87 SE-111 7E-HIO 3E-<"<I 2E-t1l0 

Site Diversion Ditch Arsenic 5.1.11) 6.0 340 151.1 341) 150 !E-r(~ 3E-Il2 2E-o2 4E-<.12 
Cadmium 0.50 0.5 4.2 IJ.44 3.S 0.~9 IE-111 IE+OO IE-<"11 IE-uu 

RF-2 Chromium 7.50 7.5 16 II 5.1 9.5 SE-01 7E-Ol IE-t1l0 8E-OI 
Copper IS.I.JI.I 16 26 16 25 16 7E-lll lE+rH) 6E-1Jl IE+I)(I 

Cyanide NA NA 0, 5.2 22 5.2 NC NC NC NC' 
Souch dtn:>rsion ditch 

le~d 5.00 5 ISS 5 131 4 3E-Il2 9E-111 4E-112 lE+r.JO 

Mt1"cury U.2S U.21.l 1.4 IJ.S 1.2 n.7 2E-111 4E-111 2E-Ol 3E-111 
Hardness 193 (mg·L) Selenium 2.25 '. __ , 19 5.0 18 4.6 IE-01 SE-01 IE-01 SE-01 

Sil,·er 3.':'5 3.S 13 NA II NA 3E-rll NC 4E-IJI NC 
Zinc 94.00 79 209 209 204 206 SE-01 SE-01 4E-01 4E-01 

TOTALHl 3E-H>O 1E-t1ll 4E-t00 8E-t00 
S').; EPl. b~ :a.al!orLx :>: H\..,! SwnllhltV b.,. :>ll:lllon l'uge4 ~' 6 



Table 7-1 DRAFT 

Surface \Vater Hazard Quotients (llQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water EPC 
Total Ambient Dil.solved Ambient 

(ug!Ll 
Water Quality Water Quality Total HQ Dil.solwdHQ 
Criteria (ug!L) Criteria (ug!L) 

Station Information Paramete-r Total Dis•olved Acute Chronic Acute Chronic Acute Chronic .-\cute Chronic 

A.lummum 481.1.00 60.8 750 S7 750 87 6E-01 6Effl0 SE-02 7E-IJ1 
Site Diversion Ditch Arsenic S.Oo S.O 34!l 151.1 340 150 2E-fl2 5E-t12 :!E-02 5E-02 

Cadmium 2.00 0.5 "'.8 <.>.47 7.0 IJ.41 3E-01 4Effl0 7E-01 1E+01< 

RF-4 Chromium 0.05 6.1 16 II 5.1 9.5 3E-03 4E-<l3 IE+OO 6E-OI 
Copper 17.00 11 .52 1~ 50 17 3E-01 1E+UI< 1E-(11 7E-01 

South cil'wrsiun dirrh 
Cyamde :-.!A NA 2~ 5.2 22 5.2 NC NC NC NC 

Lead 2.5tl 4 417 5 252 4 6E-1H 5E-OI IE-U2 9E-111 
Mercury 0.35 (J.2f.J lA 0.8 1.2 0.7 1E-U! 4E-111 1E-111 JE-111 

Hardness 73 3 (mgiL) Sel..Uum 2.17 2.2 19 5.0 18 4.6 IE-01 4E-<ll IE-01 5E-01 
Silver 3.33 3.3 35 NA 30 NA 1E-01 NC 1E-OI NC 
Zinc 2700.00 2600 469 226 458 222 6Effl0 lEffll 6E+OO lE+Ol 

TOTALHJ 7E+OO 2E+Ol 8E+OO 2E+Ol 
Aluminum ?AO.Oil 44.9 750 87 750 S7 5E-1J1 4Effl0 6E-<J2 SE-<11 

Site Diversion Ditch Arsenic 6.0(1 5.U 340 1511 340 150 2E-112 4E-02 IE-u2 3E-o2 

Cadmium l.llfl rJ.5 7.S 1.1.47 7.0 1).41 !E-01 2Effl0 7E-02 IE+UU 

RF-5 Chromium O.Q4 6.0 16 II 5.1 9.5 3E-<l3 4E-<l3 IE+OO 6E-01 
Copper 12.13 9 52 IS 50 ]7 1E-1.11 7E-OI 1E-1.ll 5E-01 

South din!rsion ditch 
Cyanide NA NA ~2 5.2 22 5.2 NC NC NC NC 

Lead 9.00 3 417 5 25~ 4 :m~o2 2Effl0 1E-02 6E-01 
l'vlcrcury 0.16 !.1.22 1.4 O.S 1.2 0.7 2E-01 3E-111 2E-<JI 3E-OI 

Hardness 864 (mg1L) Sei..Uum 0.00 2.2 19 5.0 18 4.6 ZE-04 8E-04 IE-<> I 5E-OI 
Silver 9.86 3.6 35 NA .)() NA 3E-UI NC 1E-UI NC 
Zinc 900.00 860 469 226 458 222 2E+OO 4E+OO 2E+OO 4E+OO 

TOTALHl 3E+OO lE+Ol 4E+OO 8E+OO 
Aluminum 470.lHl 69.U 75U 87 75U 37 6E-fl1 5Effl0 9E-fl2 SE-01 

Site Diversion Ditch Arsenic s.oo 7.0 3...\0 150 340 1511 2E-02 5E-02 2E-02 SE-t(~ 

Cadmium 2.00 0.5 7.S U.47 7.0 11.41 3E-UI 4Effl0 7E-02 IE+OO 

RF-5-4 Chromium 5.00 5.0 16 11 5.1 9.5 3E-OI 5E-01 IE+OO 5E-01 

) 
Copper I 8.<)0 ]7 52 IS j(} 17 3E-UI IE+(HJ 3E-UI IE+O(l 

Sowh di\'t·~rsion ditch 
Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

Le-..!J 2.50 3 4]7 5 252 4 6E-03 5E-OI IE-111 6E-1.1I 
Mercury 0.24 0.22 1.4 II.S 1.2 0.7 2E-1ll 3E-1.11 2E-OI 3E-01 

Hardness 4511 (mgL) Sei..Uum 2.00 2.0 19 5.0 18 4.6 IE-<ll 4E-<ll IE-01 4E-OI 
Silver :2.50 2.5 35 NA 30 NA 7E-02 NC SE-01 NC 
Zinc 2600.00 2500 428 226 419 222 6E+OO lE+Ol 6E+OO lE+Ol 

TOTALm 8E+OO 2Effll 8E+OO 2E+Ol 
Aluminum NA NA 751) 87 7511 S7 NC NC NC NC 

Site Diversion Ditch Arsenic 6.01.1 6.U 340 150 340 150 2E-U2 4E-<12 2E-o2 4E-02 
Cadmium 2.02 1.7 7.3 0.47 7.0 11.41 3E-1JI 4Effl0 2E-111 4Effl0 

RF-6 Chromium 4.00 10.0 16 II 5.1 9.5 3E-<ll 4E-OI 2E+OO IE+OO 
Copper 5.1.HJ 5 52 IS 511 17 1E-OI 3E-OI IE-III 3E-OI 
CyaniJe 2.0U NA 22 5.2 '' 5.2 9E-01 4E-1.1l NC NC 

Sowh diwrsion ditrh 
LeaJ 48.011 3 417 5 252 4 lE-U I 9Effl0 IE-111 6E-<.II 

Mercury !J.23 0.25 1.4 o.s 1.2 o.: 2E-OI 3E-01 2E-<JI 4E-UI 
HarJness 5~7 (mg-L) Sei..Uum 3.73 2.6 19 5.0 18 4.6 ZE-01 7E-<ll IE-<> I 6E-01 

Silver 4.50 4.4 35 NA 30 NA lE-U I NC lE-U I NC 
Zinc 850.00 850 469 126 458 222 2E+OO 4Effl0 2E+OO 4E-HIO 

TOTALm 3E+OO 2E+Ol SE+OO lE-Hil 
Aluminum 164.57 32.5 '75n S7 750 87 2E-111 2Effl0 4E-111 4E-111 

Site Diversion Ditch Arsenic '750.ll\l 3.9 34\1 \50 3-40 \50 2E+QO SEfflO 1E-112 3E-02 
Cadmium tl.tlfl n.6 :.s 0.47 :_o 0.41 3E-114 4E-1.13 9E-n1 lE+OO 

RF-<l-2 Chromium O.Q4 6.8 16 II 5.1 9.5 ZE-03 4E-<l3 IE+OO 7E-OI 
Copper 9.97 ~ 52 18 50 17 2E-!ll 6E-111 1E-<ll 4E-OI 

Suurh di,·t!rsion dicch 
Cyanide NA NA 22 5.2 22 5.2 NC NC NC NC 

Lead 16.011 4 417 5 252 4 4E-112 3Effl0 lE-O:: 9E-111 
Mercury 0.32 O.U!J2 1.4 I.I.S 1.2 0.'"' 2E-UI 4E-111 2E-1H JE-03 

Hardness I06~(mg,L) Sei..Uum 5.87 2.1 19 5.0 18 4.6 3E-OI !E+OO IE-<> I 5E-<ll 
Silver 4.SO 3.4 35 NA 30 :-.!A IE-01 NC IE-fll NC 
Zinc 310.00 150 469 226 458 222 7E-OI IE+OO 3E-<ll 7E-OI 

TOTALm 4E+OO lE+Ol 2E+OO SE+OO 
Aluminum 25.!.lll 2.5.!1 750 S7 75(1 87 3£-!)2 JE-111 3E-n2 3E-nt 

Site Di\'e-rsiou Dit('h Arsenic 6.!.1(1 2 . .5 340 150 341.1 1511 2E-02 4E-111 7£-03 2E-J.l2 
CadmiUm 1.83 I.S C'.S 11.47 7.!) <.1.41 2E-<-,I 4Effl0 3E-111 4Effl0 

USC-4 Chromium 5.00 36.0 16 11 5.1 9.5 3E-<>I 5E-<ll 7E+OO 4E+OO 

) 
Copper 6.tH.l 3 52 IS )ll 17 IE-111 3E-tl1 5E-n2 \E-111 

Richardson Ficus Cyanide NA NA 22 .5.2 ,, .5.2 N"C NC NC NC 
tit"wrsion ditch _fiO' Lead 11.<111 ·' 41"' 5 252 4 3E-02 lEfflO IE-1.12 6E-1)1 

:'vlercury O.!J02 O.!J(JJ 1.4 IJ.S I.2 o.-: IE-113 3E-rJ3 IE-1.13 2E-l.J3 
Hardness 999 (mg L) Sei..Uwn 2.50 2.5 19 5.0 18 4.6 IE-<ll 5E-<ll IE-<> I 5E-OI 

Silver 2 . .50 2 . .5 3.5 :-.!A 30 NA 7£_(J2 NC 8E-fl2 NC 
Zinc 110.00 100 469 226 458 222 ZE-01 5E-<ll ZE-<ll 4E-<ll 

TOTALm IE+OO 8Effl0 8E+OO lE+Ol 
SW EPC by statton.'i.13: H') SUllllllary by .>w.bou Page :5 c>t 6 
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Table 7-1 

Surface Water Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Total Ambient Dissolved Ambient 
Surface Water EPC 

(ug/L) 
Water Quality Water Quality TotalHQ 

Station Information 

Site Ponded Water 

RF-9 

Pomit!d water on t!li! 
tailings impoundmt>nt 

Hardness 287 (mg•L) 

Unnamed Drainages~ 
Background 

RF-1 

[ 'nnamed drainage 
/lowing into rht' south 

diversion ditch 

Hordness 200 ( mg!L) 

llnnamed Drainages-
Background 

RF-3-2 

Barkground- Unnamed 
drainag,•jlowing tnlo the 

south dilFrsion ditch 

Hardness 328 (mg•L) 

NA ~Not Available 

NC ~Not CalculateJ 

Par.1nu•tt•r Total 

Aluminum NA 

Arsenic IO.llll 

Cadmium 0.50 

Chromium 10.00 
Copper 5.00 

Cyanide NA 
Lead 2.50 

Mercury 0.25 

Selenium 2.50 
Silver 5.00 

Zinc 11.00 

TOTALHJ 
Aluminum NA 

Arsenic NA 
C;;~dmium NA 

Chromium NA 
Copper NA 
Cyanide NA 

Le<~d NA 

1\tlercury 0.(<1 

Selenium NA 
Silver NA 

Zinc NA 

TOTALHJ 
Aluminum 1411().1_)0 

Arsenic 17.00 

C::1dmium 0.01 

Chromium 0.04 
Copper ?.2.00 
Cyanide NA 

Lead 7.00 

Mercury 0.24 

Selenium 2.00 
Silver ?..5fl 
Zinc 98.00 

TOTALID 

Criteria (ug/L) 

Di"olved Acute Chronic 

NA 750 S7 

lll.O 3~0 !50 
0.5 6.2 0.47 

10.0 16 II 
5 3S IS 

NA 22 5.2 
3 313 5 

0.25 lA IJ.S 

2.5 19 5.0 
5.0 25 NA 

29 293 226 

NA 7511 S7 

NA 340 !50 

NA 4.3 <l.45 

NA 16 II 
NA 27 17 

NA 22 5.2 
NA 197 5 

U.Ofl4 1.4 0.8 

NA 19 5.0 
NA 13 NA 

NA 216 216 

S9.t1 750 S7 

IU.U 340 !50 

O.ll 7.1 0.47 

5.0 16 II 
?_() 43 IS 

NA ?.?. 5.?. 
5 370 5 

0.22 1.4 o.s 
2.0 19 5.0 
2.5 31 NA 

77 328 226 

Mean concentrations are calculate.d using 1/?. the Jetection limit for non-detects "U". 

If station-specific hardness is not available. a station hardness of 200 mg1L is assume-J. 

Criteria (ug/L) 

Acute Chronic 

750 s: 
340 !50 

5.6 1).41 

5.1 9.5 
36 17 

22 5.2 
199 ~ 

1.2 !1.7 

18 4.6 
21 NA 

286 222 

750 S7 

340 !50 

3.9 0.4(J 

5.1 9.5 
26 16 
22 5.2 
1}6 4 

u 0.7 

18 4.6 
II NA 

211 213 

75() 37 

341.1 ISU 

64 0.41 

5.1 9.5 
41 17 

22 .5.2 
229 4 

1.2 0.7 

18 4.6 
:r: NA 

321 222 

If hardness is greater than AWQC upper hordness limn. the upper hardness limit is used to calulate the AWQC. 

HOs in exceeJance of the benchmark are shown in boldface type. 

Acute Chronic 

NC NC 
3E-02 7E-rl2 

SE-02 IE+U<J 

6E-OI 9E-OI 
IE-<.ll 3E-<ll 

NC NC 
SE-<.l3 5E-<JI 

2E-OI 3E-OI 

IE-01 SE-01 
2E-<.ll NC 
4E-02 5E-02 

IE+OO 4E-+OO 
NC NC 
NC NC 
NC NC 

NC NC 
NC NC 
NC NC 
NC NC 

5E-03 9E-03 

NC NC 
NC NC 
NC NC 

SE-03 9E-03 

2E+OO 2E+OI 

5E-02 lE-O! 

IE-03 IE-02 

2E-03 4E-03 
5E-<.ll IE+IIIl 

NC NC 
2E-O?. IE+IlO 

2E-UI 3E-UI 

IE-01 4E-OI 
SE-02 NC 
3E-OI 4E-OI 

3E-Iil0 2E-Iill 

DRAFT 

DissolvedHQ 

Acute Chronk 

NC NC 
3E-02 7E-02 
9E-02 IE+Ull 

2E-+OO IE+OO 
Jf.()J 3E-UI 

NC NC 
IE-<l2 6E-<ll 

2E-OI 4E-UI 

IE-01 SE-01 
2E-UI NC 
IE-01 IE-01 

3E-Iil0 4E-Iil0 
:-.IC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 

4E-U3 7E-!13 

NC NC 
NC NC 
NC NC 

4E-03 ?E-03 
!E-ll! IE+ofl 

3E-O?. 7E-O?. 
2E-Il4 ?.E-03 

IE+OO 5E-OI 
5E-OI IE+Otl 

NC NC 
2E-O?. IE+nu 

2E-Ill 3E-Ol 

IE-01 4E-OI 
9E-02 :-.rc 
2E-OI 3E-OI 

2E-Iil0 SE-IiiO 
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Table 7-2 
Summary of Species-Mean Toxicity Reference Values for Fish 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Species TRV 

Brook trout (Salve linus fontinalis) SMAV 

Northern squawfish (Ptychockei/us oregonensis) SMAV 

Rainbow trout (Oncorhynchus mykiss) SMAV 

White sucke, (Catostomus commersoni) SMAV 

Brook trout (Salvelinus fontinalis) SMCV 

Rainbow trout (Oncorhynchus mykiss) SMCV 

All values are based on data given in EPA 1985 b-e, 1987, 1996. 
SMAV =Species Mean Acute Value 
SMCV =Species Mean Chronic Value 
All values are adjusted to a hardness of 100 mg/L. 
na =Not Available 

RFT Tox data-fish.xls: All fish 

Cadmium Lead 

3.13 9,214 

4586 na 

11 4,680 

6715 na 

3.55 187 

na 152 

DRAFT 

Zinc 

3,695 

11,578 

1,213 

9,199 

1,617 

1,272 
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Table 7-3 
Summary of Genus-Mean Toxicity Reference Values for Aquatic Macroinvertebrates 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Species TRV Cadmium 

Amphipod, Gamman1s sp. GMAV 
Cladoceran, Daphnia sp. GMAV 

Midge GMAV 
Snail GMAV 

Tubificid worm GMAV 

Caddistly GMCV 
Cladoceran, Daphnia sp. GMCV 

Snail GMCV 

All values are based on data given in EPA 1985 b-e, 1987, 1996. 
GMAV =Genus Mean Acute Value 
GMCV =Genus Mean Chronic Value 
Where shaded, the species mean value is presented. 
All values are adjusted to a hardness of 100 mg/L. 
na =Not Available 

Table 7-3 RFT tox data-benthic.xls: Summary Table 

155 
44 

2477 
817 

9180 
na 
1.4 
8.1 

Lead 

272.6 
856.0 

450,952 
1,988 

na 
na 

56.01 
15 

Zinc 

14,252 
528 
na 

2,506 

2,224 
13,832 

91 
na 

DRAFT 



Table 7-4 DRAFT 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Sediment EPC 
Sedimmt Benclunark 

SedimentHQ 
(mglkg) 

(mglkg) 

Station Information Parameter Low High Low High 

Aluminum 15.210 13,500 73,160 IE+OO 2E-OI 
Antimony 175 " 25 9E-ffil 7E-ffi0 

Silver Creek -upstream Arsenic 393 9.79 00 4E-ffil IE-ffil 

Cadmium 65.11 l.l> 5.0 7E-ffil IE-ffil 

USC-5 Chromium 3I.<l 43.4 Ill 7E-OI 3E-01 
Copper 1380 31.6 149 4E-ffil 9E-ffi0 

Lead 11.190 36 128 3E-ffi2 9E-ffil 

Siln?r Crt?l'k u.bO\·e l\tlanganese NA 631 4,461) NC NC 
Richardson Flats; at old Mercury 0.5 U.IS I.f>6 3E-ffi0 5E-fll 

north road to site Nickel NA 22.7 48.6 NC NC 
Silver 48.0 0.73 3.7 7E-ffil IE-ffil 

Zinc 12.270 121 459 IE-ffi2 3E-ffil 

TOTAL HI 7E-ffi2 2E-ffi2 

Aluminum 4.931) 13,500 73.160 4E-OI 7E-02 

Antimony 889 2 25 4E-ffi2 4E-ffil 

Silver Creek - upstreant Arsenic 1735 9.79 33 2E-ffi2 SE-ffil 

Cadmium !79.1) 1.0 5.0 2E-ffi2 4E-ffil 

llSC-6 Chromium 15.0 43.4 Ill 3E-OI IE-OJ 
Copper 2559 31.6 149 8E-ffil 2E-ffil 

Lead 42,990 36 128 IE-ffi3 3E-ffi2 

Siln~r Cret!k bdow Sd,·er 
Manganese NA 631 4A61J NC NC 

,\lap/e Claims 
Mercury 1.6 11.\8 I.U6 9E-ffi0 2E-ffi0 

Nickel NA 22.7 48.6 NC NC 
Silver 136.0 0.73 3.7 2E-ffi2 4E-ffil 

Zinc 44,560 121 459 4E-ffi2 1E-ffi2 

TOTAL HI 3E-ffi3 6E-ffi2 

Aluminum 14,720 13.50() 73,1611 IE+Ot> 2E-Ol 

) 
Antimony 64 2 25 3E-ffil 3E-ffi0 

Sih·er Cre-ek- upstream Arsenic 1115 9.79 33 IE-ffil 3E-ffi0 

Cadmium :::s.o 1.0 5.0 3E-ffil 6E-ffi0 

USC-7 Chromium 42.0 ~3.4 Ill IE+OU 4E-Ol 
Copper 652 31.6 149 2E-ffil 4E-ffi0 

Lead 2.656 36 128 7E-ffil 2E-ffil 

Silw~r Creek abo\'/._? Siln'r 
Manganese NA 631 4,46U NC NC 

Maplr! Claims 
Mercury (I.S 0.18 1.06 5E-ffi0 8E-Ol 
Nickel NA 22.7 48.6 NC NC 
Silver 5].(1 (J.73 3.7 7E-ffil IE-ffil 

Zinc 4.619 121 459 4E-ffil IE-ffil 

TOTAL HI 3E-ffi2 6E-ffil 

Aluminum 11,25(1 13.500 73.16ll SE-1'>1 2E-1ll 
Antimony \411 2 25 7E-ffil 6E-ffi0 

Silve-r Creek -downstre-am Arsenic 3~1 9.79 33 3E-ffil IE-ffil 

Cadmium 50.0 1.0 5.tl 5E-ffil IE-ffil 

USC-I Chromium 30.\J 43.4 Ill 7E-~Jl 3E-Ol 
Copper 766 31.6 149 2E-ffil SE-ffiO 

Lead 11.1311 36 128 3E-ffi2 9E-ffil 

Sdvt?r Creek below Manganese NA 631 4,460 NC NC 
Richardson Flat; at [!2-18 Mercury UA IJ.IS 1.06 2E-ffi0 4E-Ul 

rail tressel Nickel NA 22.7 48.6 NC NC 
Silver 49.0 0.73 3.7 7E-ffil IE-ffil 

Zinc 11.730 121 459 1E-ffi2 3E-ffil 

TOTAL HI 7E-ffi2 2E-ffi2 

A1uminum 11,591) 13.500 73,\60 9E-1ll 2E-Ill 
Antimony 137 2 25 7E-ffil SE-ffiO 

Silver Creek -downstream Arsenic 271 9.79 33 3E-ffil 8E-ffi0 

CJdmium 58.1) 1.0 5.0 6E-ffil IE-ffil 

USC-2 Chromium 32.0 43A Ill 7E-11\ 3E-<il 
Copper 5SS 31.6 149 2E-ffil 4E-ffi0 

Lead 6,942 36 128 2E-ffi2 5E-ffil 

Silrer Crr't!k hdotv Manganese NA 631 4,4611 NC :-JC 
Richardson Flat; at [.'1-18 Mercury 0.3 0.18 1.06 IE+IIII 2E-1ll 

r'l.tll·en Nickel :-!A 22.-:' 48.6 NC NC 
Silver -W.U 0.73 J.' SE-ffil IE-HI I 

Zinc 11.9511 121 459 IE-ffi2 3E-ffil 

TOTAL HI SE-ffi2 IE-ffi2 
) 
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Table 7--l DRAFT 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Sedim•nt EPC SedllnentBen~k 
S•rliln•ntHQ 

(mglkg) 
{mg/kg) 

Station Information Par.nne-te-r Low High Low High 

Aluminum 4.850 13.500 73.160 4E-Ol 7E-O" 

Antimony 72 " 25 4E+Ol 3E+OO 

South Diversion Ditch Arsenic !56 9.79 33 2E+Ol 5E+OO 

Cadmium 73.0 1.0 5.(1 7E+Ol IE+OI 

RF-SD-SDI Chromium I S.O 43.4 Ill 4E-OI "E-01 
Copper 230 31.6 ]49 9E+OO 2E+OO 

LeaJ 3.490 36 1"8 IE+02 3E+Ol 

Manganese NA 631 4.46t.J NC NC 
Sourh Div~rsion Dt'tch Mercury 1.6 0.18 1.06 9E+OO 2E+OO 

Nickel NA 22.7 48.6 NC NC 
Silver 25.!) 0.73 3.7 3E+Ol 7E+OO 

Zinc 12.UOO ]"] 459 IE+02 3E+Ol 

TOTALHJ 4E+02 9E+Ol 

Aluminum 6.450 13.500 73.160 5E-01 9E-02 

Antimony 53 2 25 3E+Ol 2E+OO 

South Diversion Ditch Arsenic 119 9.79 33 lE+OI 4E+OO 

Cadmium 50.0 1.0 5.0 SE+OI IE+Ol 

RF-SD-SD2 Cl1romium 16.0 43.4 Ill 4E-Ol IE-01 

Copper 20U 31.6 149 6E+OO IE+O(I 

Lead 2.330 36 128 7E+Ol 2E+Ol 

Manganese NA 631 4.460 NC NC 
South Din~rsion Dt"tch Mercury 0.~ 0.18 1.06 4E+OO 7E-fll 

Nickel NA 22.7 48.6 NC NC 
Silver 16.1J 0.73 3.7 2E+Ol 4E+OO 

Zinc ~.7SU I "I 459 7E+OI 2E+Ol 

TOTALHJ 3E+02 6E+Ol 

Alummum 10.5tJO 13 ,SOU 73,160 8E-01 lE-D! 

) Antimony 36 " 25 2E+Ol IE+UU 

South Diversion Ditch Arsenic 125 9.79 33 IE+OI 4E+OO 

Cadmium 35.0 1.0 5.0 4E+OI 7E+OO 

RF-SD-SD3 Chromium "1.0 43.4 Ill 5E-11] 2E-01 

Copper 173 31.6 149 SE+OO 1E+tJ!.l 

Lead 1.880 36 1"8 SE+Ol IE+OI 

Manganese NA 631 4.46(1 NC NC 
South Diwrsion Ditch Mercury 03 U.IS !.t.J6 2E+OO 3E-01 

Nickel NA 22.7 48.6 NC NC 
Silver 13.0 0.73 3.7 2E+Ol 4E+OO 

Zmc 6.8011 121 459 6E+Ol lE+OI 

TOTAL Hl 2E+02 SE+Ol 

Aluminum 7.4Stl 13.500 73.160 6E-01 lE-O! 

A.ntimony 65 2 25 3E+Ol 3E+OO 

South Dive-rsion Ditch Arseruc 2U5 9."9 33 2E+Ol 6E+OO 

Cadmium 51.1) i.U 5.0 SE+Ol lE+OI 

RF-SD-SD4 L1rromium 1 s.n 43.4 Ill 4E-O! 2E-t1I 

Copper :!60 31.6 149 8E+OO 2E+OO 

LeaJ 2.840 36 128 8E+Ol 2E+Ol 

Manganese NA 631 4.460 NC NC 
South Dt'wrsion Ditch Mercury 1.2 t.J.I8 1.116 7E+OO IE+(HJ 

Nickel NA 22.7 48.6 NC NC 
Silver 19.1) tJ.73 >.' 3E+Ol 5E+OO 

Zinc 9.140 1:!1 459 SE+Ol 2E+Ol 

TOTALHJ 3E+02 7E+Ol 

Aluminum 8.65(1 13.500 73,160 6E-Ol IE-01 

Antimony 97 2 25 SE+Ol 4E+OO 

SouUt Diversion Ditch Arsenic 119 9.79 33 lE+Ol 4E+OO 

Cadmium 38.0 ].I) 5.!J 4E+OI 8E+OO 

RF-SD-SD5 Chromium IKU 43.4 Ill 4E-t.J! 2E-OI 

Copper 261 31.6 149 SE+OO 2E+OO 

LeaJ 2.6611 36 12S 7E+OI 2E+Ol 

Manganese NA 631 4.460 NC NC' 
South Dt.wrsion Dirch ~lercury 1.11 IJ.IS 1.06 6E+OO 9E-01 

Ni.ck.el NA. ~2.7 48.6 NC NC 
Silver 20.0 n.'73 >.' 3E+OI SE+OO 

Zinc 7.610 1:!1 459 6E+Ol 2E+Ol 

TOTAL Hl 3E+02 6E+Ol 

Aquatic Ri;:;k_Scd EPC by StJtion_'(J~: HQ Swnmary Page~ of3 
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Table 7-4 

Sediment Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for the Richardson Flat Tailings 

Sediment EPC 
Sedimellt Benchmark 

SedimentHQ 
(mglkg) 

Station Information 

South Diversion Ditch 

RF-SD-SD6 

South Divt!rsion Dt"tch 

South Diversion Dib:h-
Wetland Area 

RF-SE-IJl 

Dimrsion ditch H·etland.> 

area 

South Diversion Ditch-
Wetland Area 

RF-SE-0~ 

Diwrsion ditch wetlands 
area 

South Dive-rsion DitC'h -
Wetland Are-A 

RF-SE-03 

Dirersion dirch \t't!tlands 
ar<?a 

South Dive-rsion DitC'Il-
Wetland .-\rea 

RF-SE-04 

Diwrsion ditch \\'t>tland> 
area 

NA- Not Available 

NC =Not Calculated 

Parame-ter 

Aluminum 

Antimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Le"d 
Manganese 

Mercury 

Nickel 

Silver 

Zinc 

TOTAL HI 

Aluminum 
Antimony 

Arsenic 
Cadmium 

C'hromium 

Copper 

Lead 

Manganes{' 

Mercury 

Nickel 

Silver 

Zinc 
TOTAL HI 

Aluminum 
A.ntimony 

Arsenic 

Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 
Nickel 

Silver 

Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 
Cadmium 

Chromium 

Copper 

Lead 

Manganese 

Mercury 
Nickel 

Silver 

Zinc 

TOTAL HI 

Aluminum 
Antimony 

Arsenic 
Cadmium 

Chromium 
Copper 

LeaJ 
Manganese. 

Mercury 

Nickel 

Silver 

Zinc 

TOTAL HI 

(mg/kg) 

~0.6(11) 

63 

101 

18.<.1 

30.0 

~11 

2.~80 

NA 

1.5 

NA 

14.0 

~.940 

2S,SOO 

99 

202 
93.1 

6~.4 

725 
6.5~(1 

5060.0 

8.~ 

5U 

41.3 

15.~00 

1.931) 

85 

189 

5~.8 

15.8 

183 

3.010 

2200.0 

~.7 

13.2 

10.7 

8.160 

4.530 

99 

310 

64.9 

14.9 

313 

5,220 

2330.0 

2.-l 
21.3 

16.3 
11.2(11) 

ll.SUI.l 

41l 

I S9 

-lU.3 

25/l 
]9(1 

2.35() 
42lHl0.0 

1.3 
97.2 
S./1 

5.-lOO 

HQs in exce-edance of the hendunark are sho\\TI in boldface type. 
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Low . Higll Low High 

13.500 73.160 ZE+OO 3E-01 

2 25 3E+Ol 3E+OO 

9.79 33 lE+Ol 3E+OO 

1.0 5.0 lE+Ol 4E+OO 

43.4 111 7E-01 3E-01 

31.6 149 7E+OO lE+OO 

36 l~S 6E+Ol 2E+Ol 

631 4.460 NC NC 

tl.lS 1.tJ6 8E+OO lE+(lll 

22.7 48.6 NC NC 

0.73 3.7 lE+Ol 4E+OO 

n1 459 2E+Ol 6E+OO 

2E+02 4E+Ol 

]3,5(11) 73,160 2E+OO 4E-01 

2 25 5E+Ol 4E+OO 

9.79 33 2E+Ol 6E+OO 

1.0 5.0 9E+Ol 2E+Ol 

43.-1 111 lE+Oil 6E-n1 

31.6 149 lE+Ol SE+OO 

36 l~S 2E+02 SE+Ol 

631 4.460 8E+OO lE+ol) 

ll.l8 1.1)6 5E+Ol 8E+OO 

22.7 48.6 2E+OO lE+OO 

0.73 3.7 6E+Ol lE+OI 

121 459 1E+02 3E+OI 

6E+02 1E+02 

13,50(1 73,16(1 lE-01 3E-O:~ 

~ 25 4E+Ol 3E+OO 

9.79 , 2E+Ol 6E+OO 

l.<J 5.0 5E+Ol lE+Ol 

43.4 111 4E-o1 1E-Il1 

31.6 149 6E+OO lE+IJ(I 

36 128 8E+Ol 2E+OI 

631 4,46(1 3E+OO 5E-1.11 

O.lS 1.06 2E+Ol 3E+OO 

22.7 48.6 6E-I.l1 3E-01 
0.73 ·'·' IE+Ol 3E+OO 
1~1 459 7E+Ol 2E+Ol 

3E+02 7E+Ol 

13,5()0 73.160 3E-111 6E-U~ 

~ 25 5E+Ol 4E+OO 
9.79 "·' 3E+Ol 9E+OO 

1.0 5.0 7E+Ol lE+Ol 

43.4 111 3E-01 lE-1!1 

31.6 149 IE+Ol 2E+OO 

36 128 1E+02 4E+Ol 

631 4.461l 4E+OO 5E-01 

<US 1.06 IE+Ol lE+OO 

22.7 48.6 9E-U1 4E-o1 

0.73 0.' 2E+Ol 4E+OO 

1~1 459 9E+Ol 2E+Ol 

4E+02 IE+02 

J3.5(HI 73,160 9E-U1 ~E-Ill 

~ ~5 2E+Ol 2E+OO 
9.79 33 2E+Ol 6E+OO 

l.IJ 5.0 4E+Ol 8E+OO 

43.4 111 6E-OI 2E-01 

31.6 149 6E+OO lE+IJO 

~6 l~S 7E+Ol 2E+OI 

631 4.4611 7E+Ol 9E+OO 
II.] S 1.06 7E+OO lE+OU 

22.: 48.6 4E+OO 2E+OO 
!1.73 3.'""' IE+Ol 2E+OO 

1~1 459 4E+Ol IE+OI 

3E+02 6E+Ol 
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Table 7-5 DRAFT 

Caclulation of Mean PEC Quotient and the Predicted Incidence of Sediment Toxicity 

' 
Screening Ecological Risk Assessment for Richardson Flat Tailings 

? 

Sediment EPC 
Sediment 

PEC Mean PEC 
Station Information COPC 

(mglkg) Benchmark Quotient Quotient Predicted Incidence 
{mg/kg) of Observed 

Sediment Toxicity 
Arsenic 393 33 11.9 

Silver Creek -upstream Cadmium 65 5.0 13.1 

Chromium 31 Ill 0.3 

USC-5 Copper 1380 149 9.3 21.3 100.0°0 

Siln?r Creek abow Richardson 
LeaJ 11,190 128 87.4 

Flats; at old north road to site Mercury 0.5 1.06 0.5 
Zinc 12.270 459 26.7 

Arsenic 1735 33 52.6 

Silver Creek - up~tream Cadmium 179.(1 5.0 35.9 

t1rromium 15.0 Ill 0.1 

USC-6 Copper 2559 149 17.2 77.2 }tlt)_(J~ o 

Siln?r Crr!r!k below Silwr :Hap/r 
LeaJ 42.990 128 336 

Claims Mercury 1.6 1.06 1.5 
Zinc 44,56(1 459 97.1 

Arsenic 105 00 3.2 
Silver Creek -upstre-am Cadmium 23.0 5.0 5.6 

Chromium 42.0 Ill 0.4 

USC-7 Copper 652 149 4.4 6.5 }(J(l_(JO 0 

Sil\'t?r Crr!ek abon? Silvr!r Jfaple 
Lead 2.656 123 20.3 

Claims Mercury 0.3 1.06 0.8 
Zinc 4.619 459 !0.1 

Arsen1c 341 33 !0.3 

Silver Creek - downstream Cadmium 50.0 5.0 ltl.(J 

Chromium 30.0 Ill U.3 
VSC-1 Copper 766 149 5.1 19.3 100.0~ 0 

Siln:r Cret!k bl::'lo-..t' Richardson Flat; 
Lead 11.130 !23 87.0 

at [!2-18 rail trr?ssd Mercury 0.4 1.06 0.4 

) Zinc I J .'30 459 25.6 

Arsenic 271 33 S.2 

Silver Creek -downstream Cadmium 53.0 5.0 11.6 

Chromium 32.0 Ill 0.3 
USC-2 Copper 533 149 3.9 14.9 1(H.J.0°'0 

Sih·a Cre,,k below Richardson Flat; 
Lead 6.942 123 54.2 

at U2-IB culrrrt Mercury 0.3 1.06 0.2 
Zinc 11.950 459 26.0 

Arsenic !56 33 ~.7 

South Diversion Ditch CaJmium 73.0 5.1! 14.7 

Chromium JS.O Ill (1.2 

RF-SD-SDI Copper 230 149 1.9 1<.1.9 100.0°0 

Lead 3,490 123 27.3 
South Di,·erswn Ditch Mercury 1.6 I.IJ6 1.5 

Zinc 12.000 459 26.1 

Arsenic 119 33 3.6 
South Diversion Ditch CaJmium 51.1.1.1 5.0 !li.IJ 

Chromium 16.0 Ill 0.1 

RF-SD-SD2 Copper 200 149 1.3 7.6 l!.H.J.0°0 

Lead 2.33U 12S 13.2 
South Dh·ersion Ditrh Mercury 0.3 1.06 U.7 

Zinc 8,730 459 19.1 

Arseruc 125 33 3.S 

South Diversion Ditch Cadmium 35.0 5.0 7.0 

Chromium 21.0 Ill 0.2 
RF-SD-SD3 Copper 173 149 1.2 6.0 l!_HI.U0 o 

Lead 1.3~0 123 14.7 
Somh Diven.ion Dilch Mercury 11.3 1.06 0.3 

Zinc 6.300 459 14.8 

Arseruc 205 33 6.2 

Soutla Diversion Ditch Cadmium 51.0 5.() !11.2 

Chromium 13.0 Ill 0.2 
RF-SD-SD4 Copper 260 149 1.7 S.S I 00.1)0 o 

LeaJ 2.S41J 123 22.2 
South Diwrsion Dilch Mercury 1.2 1.1.16 !.I 

) Zinc 9.!411 459 !9.9 

.Aquatic Ri~k_Sed EPC by St<Jtion.xl;;: T.1blo;:: 7-5 PEC QuotientT uble Page I of2 



Table 7-5 DRAFT 

Caclulation of Mean PEC Quotient and the Predicted Incidence of Sediment Toxicity 

/} Screening Ecological Risk Assessment for Richardson Flat Tailings 

Sediment EPC 
Sediment 

PEC Mean PEC 
Station Information COPC 

(mglkg) Benchmark 
Quotient Quotient Predicted Incidence 

(mglkg) of Observed 

Sediment Toricitv 
Arsenic 119 33 3.6 

South D i\'f'rs ion Ditch Cadmium 38.0 5.0 7.6 

Chromium I 8.0 Ill 0.2 
RF-SD-SD5 Copper 261 149 1.8 7.-t l011.0°·o 

Lead 2.660 128 20.S 
South Din?rsion Ditch Mercury 1.0 ].IJ6 I.J.9 

Zinc 7.610 459 16.6 

Arsenic ]OJ 33 3.1 

SoutJt Diversion Ditch Cadmium 18.1) 5.0 3.6 

C'hromium 30.0 111 0.3 

RF-SD-SD6 Copper 211 149 1.4 4.9 l(J(l.()O 0 

Lead 2.230 128 17.8 
South Din:rsion D/tch Mercury 1.5 1.06 1.4 

Zinc 2.941.1 459 6.4 

SouU1 Diversion Ditell -Wetland Arsenic 202 33 6.1 

Area Cadmium 93.1 5.0 IS.7 

Chromium 62.4 Ill 0.6 

RF-SE-Ill Copper 725 149 4.9 17.-l 100.0°·0 

Lead 6.520 128 50.9 
Din:rsion ditch ''-Nilands area Mercury 8.2 1.06 7.7 

Zinc 15.21)1.1 459 33.1 

Soutl1 Diversion Diteh -Wetland Arsenic 189 33 5.7 
Area Cadmium 52.S 5.tl 10.6 

Chromium 15.8 Ill 0.] 

RF-SE-02 Copper 1 S3 149 1.2 s.s IOO.U 0 0 

LeaJ 3,0]1) 128 23.5 
Din:rsion ditch wetlands area Mercury 2.7 1.<16 2.5 

) Zinc 8.161! 459 17.S 

Sou til Diversion Ditch- Wetland Arsenic 31/J 33 94 

Are--d Cadmium 64.9 5.0 13.0 
Chromium 14.9 Ill 0.1 

RF-SE-03 Copper 313 149 2.1 13.2 100.Il0 o 

LeaJ 5.220 12S 41.1.S 
Di,-ersion ditch wetlands arr?a Mercury 2.4 1.116 0' --0 

Zinc 11.21!0 459 24.4 

South Diversion Ditch- Wetland Arse-nic 1~9 00 5.7 
Are--d Cadmium 4ll.3 5.0 S.l 

Chromium 25.0 Ill 0.2 
RF-SE-0-l Copper 190 149 1.3 6.7 100.!.l0 o 

LeaJ 2.350 123 !SA 
Divt?rsion ditch ·wetlands art?a Mercury 1.3 1.06 1.2 

Zinc 5.4/l<J -!59 ll.S 

NA Not Available 
NC ~Not CalculateJ 

HQs m exceedance of the bc:"nclunark are shown in boldface:" type. 

) 
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Table 7-6 
Seep* Hazard Quotients (HQs) for Aquatic Receptors 

Screening Ecological Risk Assessment for Richardson J<'lat Tailings 

Station Information 

Site Monitoring Well 

MW-01 

.\!omtoring well #! below 
muil1 embankment 

Hordn ... 200 (mg/L) 

Site Monitoring Well 

MW-03 

,\lonrloring well #3 below 
maiJJ embankment 

Hordn... 200 (mg/L) 

Site Monitoring Well 

MW-04 

,1.-fonilonng well #4 bdow 
mam embankment 

Hordnao 200 (mg/L) 

Site Monitoring Well 

MW-OS 

,\foniloring well #J below 
main embwJknu•nl 

Hordn ... 200 (mg/L) 

Site Monitoring Well 

MW-06 

,\loniloring well #6 below 
main embankment 

Hordn..o 200 (mg/L) 

Batkground 

RT-1 

Upstn~mn 1nonitonng well 

Hordn<ao 200 (mg/L) 

NA =Not Av~Dlable 

NC' =Not Cfficu.ll'lted 

Parnmder 

Alummum. 

Arsewc 

Cddrmum 
Chromium 

Copper 
Cyanide 

Leed 
Mercury 

Sdalium 
Stiver 

Zinc 

TOTALm 
AlumJ.Dum 

Arsenic 

Cddmium 

Chromium 
C:opper 

Cytm..ide 

Lead 
Mercury 

Sdc:nium 
Silver 

Zinc 

TOTALm 
Alwrunum 

Arsenic 

Cad.nuum 

Chromium 
Copper 

Cyanide 

Le&! 
Mercury 

Sd.c:nium 
Silver 

Zine 
TOTAL ill 
Alummum 

Arsewc 

Cddrmum 
Chromium 

Copper 
Cyamde 

Leed 
Mercury 

Sdcui11D1 
Silver 

Zinc 

TOTALm 
Alummum 

Arsenic 

Ci!dmium 

Chromium 
Copper 

Cvtm..ide 

Leed 
Mercury 

Sdalium 
Silver 

Zinc 

TOTALm 
Alummum 

Arseruc 

Cadmium 

Chromium 
Copper 

Cyanide 

Leed 
Mercury 

Sdarimn 
Silver 

Zinc 

TOTALm 

Total Ambirnt 
Groundwater EPC (ug/L) Water Quality 

Criteria {ug/L) 

Total Dissolved Acute Chronic 

30.700 so 7SO 87 

76 3.6 340 ISO 

42 3.3 4 0 

95 7.8 16 II 
1,583 20 27 17 

3:::! NA -- 5."" 
88 92 197 5 

0.3 0.:::! 1.4 0.8 

IS IS 19 s.o 
2 10 13 NA 

6SO 108 216 216 

NA NA 7SO 87 

NA NA 340 ISO 

NA NA • 0 

NA NA 16 11 
10 NA 27 17 

8 NA ,, 
5.::! 

69 49 197 ; 
1.1 NA 1.4 0.8 

NA NA 19 s.o 
NA NA 13 NA 
NA 70 216 216 

NA NA 750 87 

NA ~A 340 ISO 

NA ~A 4 0 

NA NA 16 II 
IS ~A 27 17 

11.316 NA 00 5.2 

120 58 197 5 
0.7 NA 1.4 0.8 

NA NA 19 s.o 
NA NA 13 NA 
NA 200 216 216 

~A NA 7SO 37 

NA NA 340 ISO 

NA NA 4 0 

NA NA 16 11 
IS NA 27 17 

37 NA , 5.2 

131 61 197 5 

-·- NA 1.4 0.8 

NA NA 19 s.o 
NA NA 13 NA 
NA 1.900 116 216 

4,920 69 750 37 

349 9.0 340 ISO 

16 3.3 4 0 

42 7.8 16 11 
190 20 27 17 

1,552 NA " 5.:::! 

142 37 197 5 
0.5 0.2 1.4 0.3 

15 IS 19 5.0 
17 10 13 NA 

2.790 73 216 216 

15,700 191 750 87 

4 3.6 340 !50 

3 3.3 4 0 

11 7.8 16 11 
30 171 27 17 

5 NA 00 5.2 

627 41 197 5 

0.2 0.2 1.4 0.8 

3 3 19 s.o 
2 10 13 :--.lA 

136 20 216 216 

C0ncentranoru are calculated using II:! the detection li.unt for non-detectl> "lJ". 
If well-spectfic hardness IS m.1t avB.ilable., !l. well hardness of 200 mg!L ts assumed. 

Dissolved Ambient 
Water Quality 
Crite-ria (ug/L) 

Acute Chronic 

750 37 

340 ISO 
4 0 

S.l 95 
26 16 , 5.:::! 

136 4 

1.:::! 0.7 

18 4.6 
II NA 

211 213 

7SO 87 

340 ISO 
4 0 

S.l 9.5 
26 16 
00 5.::! 

136 4 

1.1 0.7 

18 4.6 
II NA 

211 213 

7SO 87 

340 !50 

4 0 

S.l 95 
26 16 , 5.2 

136 4 

1.2 0.7 

18 4.6 
II NA 

211 213 

750 87 

340 ISO 
4 0 

S.l 9.5 
26 16 , 5.1 
136 4 

1.2 0.7 

18 4.6 
II NA 

211 213 

750 87 

340 ISO 
4 0 

S.l 9.5 
26 16 , 5.2 

136 4 

1.2 0.7 

18 4.6 
II NA 

211 213 

7SO S7 

340 150 
4 0 

S.l 9.5 
26 16 , 

5.2 

136 4 

1.2 0.7 

18 4.6 
II ~A 

211 213 

If hardness lS greater thdll AWQC upper hlll"dness ltm.lt .. the upper hardness hnut lS used to calulat.e the A WQC. 

HQs m e;,.ceeddnce of the benchmark dTe shown w boldface type. 

Total HQ 

Acute Chronic 

tE+02 9E+02 

:::!E-01 SE-01 
tE+Ol 9E+Ol 

6E+OO 911:+00 
6E+Ot 9E+Ol 

IE+OO 6E+OO 

4E·OI 2E+01 

:::!E-01 -l-E-01 

86-01 llt+OO 
:::!E-01 NC 
311:+00 311:+00 

211+01 111:+03 
NC NC 
NC NC 
NC NC 
NC NC 

4E·OI 6E-OI 

4E·OI 2E+OO 

4E·OI IE+Ol 

2E+OO JE+OO 

NC NC 
NC NC 
NC NC 

311:+00 211+01 

NC NC 
NC NC 
NC NC 
NC NC 

6E·OI 9E-01 

5E+02 !E+03 

6E·OI 2E+Ot 

5E-Ol 9E-01 

NC NC 
NC NC 
NC NC 

511:+01 2K+03 
NC NC 
NC NC 
NC NC 
NC NC 

6E-01 9E-01 

2E+OO 7E+OO 

7E-OI 2E+01 

2E+OO JE+OO 

NC NC 
NC NC 
NC NC 

.0:+00 411:+01 
7E+OO 6E+01 

IE +DO 2E+OO 

~E+OO ~E+OI 

3£+00 411:+00 
7E+OO IE+Ot 

7E+01 3E+02 

7E-01 JE+Ot 

--l-E-01 6E-01 

8E-OI 311:+00 
IE +DO NC 

111:+01 111:+01 

111:+01 511:+01 
2E+Ot 2E+02 

IE-02 2E-02 

3E·OI 7E+OO 

7E-OI IE+OO 
IE +DO 2E+OO 

2E·OI IE+OO 

JE+OO JE+Ol 

IE·OI 3E-01 

26-0I 6E-OI 
2E-01 NC 
6E-OI 6E-OI 

311:+01 311:+01 

DRAFT 

Dis5olved DQ 

Acute Chronic 

7E-02 6E-01 

lE-02 :!E-O:! 
3E-OI 8E+OO 

211+00 8E-OI 
SE-01 IE+OO 

NC NC 
7E-01 2E+Ot 

:::!E-01 3E-01 

8E-OI .llt+OO 
9E-Ol NC 
SE-01 SE-01 

6£+00 411:+01 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 

4E-01 IE+Ol 

~c NC 
NC NC 
NC NC 

3E-OI 3E-OI 

7E-OI l.K+Ol 

NC NC 
NC NC 
NC NC 
NC NC 
NC NC 
NC NC 

4E-01 IE+Ol 

NC NC 
NC NC 
NC NC 

9E-OI 9E-Ol 

IE+OO 211+01 

NC ~c 

NC NC 
NC NC 
NC NC 
NC NC 
NC NC 

4E-OI 2E+Ol 

NC NC 
NC NC 
NC NC 

911:+00 9E+OO 

9.E+OO 2K+Ot 
9E-02 8E·OI 
3E-02 6E-02 

8E·OI 8E+OO 

211+00 8E-OI 
8E-01 IE+OO 

NC NC 
3E-OI 9E+OO 

2E-Ol lE-01 

8E-OI 311:+00 
9E-OI NC 
3E-OI 3E-OI 

611:+00 211+01 
3E-OI 2E+OO 

IE-02 :!E-02 

3E·OI 8E+OO 

211+00 SE-01 
7E+OO IE+Ot 

NC NC 
3E·OI IE+Ot 

2E-Ol 3E-Ol 

2E-OI 7E-OI 
9E-01 NC 
IE-01 9E-02 

111:+01 311:+01 



Table 7-7 DRAFT 
Surface Water Hazard Quotients (HQs) for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water Exposure 
Amphibian Screening Concentration Max (ug/L) 

BenchmaJ"k (ug/L) 
Amphibian HQ 

Station Information Parameter Total Dissolved 

Arsenic NA 3.'27 4.0 8E-OI 

Silver Creek- upstream Cadmium NA 3.'27 -tO 8E-01 

-19:!685 Copper NA 7.79 4.0 2E+OO 

Cyanide NA NA 0.3 NC 
Lead NA 6.3 4.0 2E+OO 

SILlER CK AT US-/0 XING 
Mercury NA 0.10 0.1 IE+OO 

E OF PARK CIIY Selenium NA 1.84 9.0 :E-01 

Silver NA 1.00 9.0 IE-01 

Zinc NA 1170 1.0 1E+03 

TOTAL HI 1E+03 

Arsenic NA 2.50 4.0 6E-OI 

Silver Creek- upst1·eam Cadmium NA 12.00 4.0 3E+OO 
49]695 Copper NA 8.57 4.0 2E+OO 

Cyanide NA NA 0.3 NC 
Lead NA 5.0 4.0 IE+OO 

SILVER CK@ CIIY PARK 
Mercury NA 0.10 0.1 IE+OO 

A.B PROSPECTOR SQUARE Selenium NA 1.97 9.0 2E-OI 

Silver NA 1.00 9.0 IE-01 

Zinc NA 1011 1.0 1E+03 

TOTAL HI 1E+03 

Arsenic NA NA 4.0 NC 

Silver Creek- upstream Cadmium NA NA 4.0 NC 

N-< Copper 390.00 NA 4.0 1E+02 

Cyanide 6.-t-+ NA 0.3 2E+Ol 

Lead 1480.5 20.0 4.0 4E+02 

) Siln::r Creek upstream of 
Mercury 143.01 NA 0.1 1E+03 

di\·ersion ditch Selenium NA NA 9.0 NC 
Silver NA NA 9.0 NC 
Zinc 1350 560 1.0 1E+03 

TOTAL HI 3E+03 

Arsenic 10.00 7.00 4.0 3E+OO 

Silver Creek- upstream Cadmium 4.00 2.00 4.0 IE+OO 

RF-7 Copper 13.00 4.17 4.0 3E+OO 

Cyanide NA NA 0.3 NC 

Lead 74.0 ~.5 4.0 2E+Ol 

Silvt!r Cret.:k upstrr:am of Mercury 0.25 0.25 0.1 3E+OO 
conjluencc: \1-'ith south Selenium 2.50 2.50 9.0 3E-01 

din:rsion ditch Silver 4.38 4.38 9.0 5E-01 

Zinc 96000 83000 1.0 1E+05 

TOTAL HI 1E+05 

Arsenic 13.00 8.18 -tO 3E+OO 

Silver Creek- upstream Cadmium 8.00 6.00 4.0 2E+OO 
RF-7-2 Copper 7.73 6.46 4.0 2E+OO 

Cyanide 2.00 NA 0.3 SE+OO 

Lead 78.0 4.9 4.0 2E+Ol 

Si/,•er Creek upstr.:am of Mercury o.:4 0.22 0.1 2E+OO 
confluence with south Selenium 4.69 2.3l 9.0 5E-OI 

Ji,·ersion dirch Silver 12.58 3.75 9.0 IE+OO 

Zinc 2100 2000 1.0 2E+03 

TOTAL HI 2E+03 

Arsenic 4.20 NA 4.0 IE+OO 

Silver Creek- upstream Cadmium 3.90 NA 4.0 IE+OO 

RF-SW-01 Copper 10.00 NA 4.0 3E+OO 

Cymude NA NA 0.3 NC 

Lead 35.3 NA 4.0 9E+OO 

Silvt:r Creek upstream of 
Mercury 0.10 NA 0.1 IE+OO 

diVr:rsion ditch Selenium "7.50 NA 9.0 SE-01 

Silver 1.20 NA 9.0 IE-01 

Zinc 1110 NA 1.0 IE+03 

TOTAL HI IE+03 
) 
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Table 7-7 DRAFT 
Surface Water Hazard Quotients (HQs) for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water Exposure 
Amphibian &reening 

Conrentratiou Max (ug/L) 
Benchmark (ug/L) 

AmphibillnHQ 

Station Information Parameter Total Dissolved 

Arsenic 5.20 NA -1.0 lE+OO 

Silver Creek- upstream Cadmium 1.65 NA -1.0 -IE-01 

RF-SW-0] Copper 10.00 NA -10 3E+OO 

Cyanide NA NA 0.3 NC 

Lead 18.8 NA -1.0 5E+OO 

Silri!r Crt!ek upstrt?um of 
Mercury 0.10 NA 0.1 lE+OO 

divt!rsion ditch 
Selenium 7.50 NA 9.0 8E-Ol 

Silver 1.20 NA 90 lE-01 

Zinc 2080.00 NA 1.0 2E+03 

TOTAL HI 2E+H3 

Arsenic 7.30 NA 4.0 2E+OO 

Silver Creek- upstream Cadmium 1.65 NA -1.0 -IE-01 

RF-SW-03 Copper 10.00 NA -1.0 3E+OO 

Cyanide NA NA 0.3 NC 
Lead 15.00 NA -1.0 4E+OO 

Siln~r Creek upstrl!am of 
Mercury 0.10 NA 0.1 lE+OO 

diversion ditch Selenium 7.50 NA 9.0 8E-Ol 

Silver !.20 NA 9.0 lE-01 

Zinc 769.00 NA 1.0 8E+02 

TOT.-l.LHI 8E+02 

Arsen1c 7.60 NA -1.0 2E+OO 

Silver Creek- upstream Cadmium 3.50 NA 4.0 9E-Ol 

RF-SW-0-1 Copper 10.00 NA -1.0 3E+OO 

Cyanide NA NA 0.3 NC 
Lead 36.-10 NA -1.0 9E+OO 

) Siln:r Cn:ek upstream of 
Mercury 0.10 NA 0.1 lE+OO 

Jin:rsion ditch 
Selenium 7.50 NA 9.0 8E-Ol 

Silver !.20 NA 9.0 lE-01 

Zinc 776.00 NA 1.0 8E+02 

TOTAL HI 8E+02 

Arsenic 7.00 7.00 -1.0 2E+OO 

Silver Creek- upstream Cadmium 3.00 1.00 -1.0 8E-Ol 

USC-3 Copper 7.00 2.50 -1.0 2E+OO 

Cyanide NA NA 0.3 NC 
Lead -11.00 2.50 -1.0 lE+Ol 

Silwr Creek at Richardwn Mercury NA NA 0.1 NC 
F7ats; upstream ofRR Selenium 2.50 2.50 9.0 3E-Ol 

rressel Silver 2.50 2.50 9.0 3E-Ol 

Zinc 1200.00 1100.00 1.0 1E+03 

TOTAL HI 1E+03 

Arsenic 2.50 5.00 -1.0 6E-Ol 

Sil\'er Creek- upstream Cadmium 6.00 1.00 -1.0 2E+OO 

USC-5 Copper 9.00 7.00 4.0 2E+OO 

Cyanide NA NA 0.3 NC 

Lead 26.00 2.50 -1.0 7E+OO 

Siln:r Creek above Mercury NA NA 0.1 NC 
Richardson Flats: at old Selenium 2.50 2.50 9.0 3E-Ol 

north road to site Silver 2.50 2.50 9.0 3E-Ol 

Zinc 1900.00 20(J0.00 1.0 2E+03 

TOTAL HI 2E+03 

Arsenic 19.00 8.00 -1.0 5E+·OO 

Sil\'er Creek- upstream Cadmium 2.00 2.00 -1.0 5E-Ol 

CSC-6 Copper 6.00 2.50 -1.0 2E+OO 

Cyanide NA NA 0.3 NC 
Lead 31.00 2.50 -1.0 8E+OO 

Siln:r Cn:~.:k bt:.lo\t' Silver 
Mercury ().()4 (J.OO 0.1 -+E-01 

A1aple Claim;· Selenium 2.50 2.50 9.0 3E-Ol 

Silver 2.50 2.50 9.0 3E-Ol 

Zinc 1-100.00 1-IOU.OO 1.0 1E+03 

TOTAL HI 1E+03 
) 
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Table 7-7 DRAFT 
Surface Water Hazard Quotients (IIQs) for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water Exposure 
Amphibian Screening 

Concentration Max (ug/L) 
Benchmark (ug!L) 

Amphibian HQ 

Station Information Parameter Total Dissolved 

Arsenic 2.50 5.00 -+.0 6E-01 

Silver Creek- upstream Cadmium 10.00 7.00 -+.0 3E+UO 

USC-7 Copper 18.00 12.00 -+.0 5E+OO 

Cyanide NA NA 0.3 NC 

Lead 27.00 2.25 -+.0 7E+OO 

Silver Cre.?t.!k above:! Silver 
Mercury 0.05 0.00 0.1 5E-01 

Map/.: Claims 
Selenium 2.50 2.50 9.0 3E-01 

Silver 2.13 2.13 9.0 2E-01 

Zinc 2500.00 2100 00 1.0 3E+03 

TOTAL HI 3E+03 

Arsenic 8.70 12.00 -+.0 2E+OO 

Silver Creek- downstream Cadmium 0.50 0.50 -+.0 I E-01 

-19]679 Copper 6.00 6.00 4.0 2E+UO 

Cyanide 5.00 NA 0.3 2E+Ol 

Lead 1.50 1.50 -+.0 -+E-01 

Mercury 0.10 0.10 0.1 IE+OO 
SILVER CREEK WJtTP Se-lenium 0.50 1.20 9.0 6E-02 

Silver 1.00 1.00 9.0 lE-01 

Zinc 170.00 330.00 1.0 2E+02 

TOTAL HI 2E+02 

Arsenic NA 7.60 4.0 2E+OO 

Silver Creek- downstream Cadmium NA 1.08 -+.0 3E-Ol 

-19]680 Copper NA 6.00 -+.0 2E+OO 

Cyanide NA NA 0.3 NC 

Lead NA 9.81 -1.0 2E+OO 

) Mercury NA 0.10 0.1 lE+OO 
S/L VER CK AB ATKINSON Selenium NA 1.20 9.0 IE-01 

Silver NA 1.00 9.0 IE-01 

Zinc NA 765.00 1.0 8E+02 

TOTAL HI 8E+02 

Arsenic NA NA -1.0 NC 

Silver Creek- downstream Cadmium NA NA -1.0 NC 

N6 Copper 10.2-1 NA -1.0 3E+OO 

Cyanide 2.65 NA 0.3 IE+Ol 

Lead 1-15.34 25.00 -1.0 ~E+Ol 

Siln:r Creek do'.vnstream of 
Mercury 133.06 NA 0.1 IE +OJ 

Jin;rsion ditch Selenium NA NA 9.fJ NC 

Silver NA NA 9.0 NC 

Zinc 901.51 370.00 1.0 9E+02 

TOTAL HI 2E+03 

Arsenic 31.00 8.2-1 -1.0 8E+OO 

Silver Creek- downstream Cadmium 9.00 2.06 -1.0 2E+OO 

RF-8 Copper 10.-13 -1.12 -1.0 3E+OO 

Cyanide 2.00 NA 0.3 8E+OO 

Lead 340.00 5.62 4.0 9E+Ol 

Siln:r Cr~.'!!k downstri!am of Mercury 0.35 0.22 0.1 3E+OO 
conflucnct: H·ith south Selenium 5.00 :.36 9.0 6E-01 

Jin;rsion ditch Silver -1.95 3.95 9.0 5E-01 

Zinc 1700.00 1100.00 1.0 2E+03 

TOTAL HI 2E+03 

Arsenic 10.00 10.1!0 -10 3E+OO 

Silver Creek- downstream Cadmium 3.01! 2.1!0 4.0 8E-01 

RF-8-:! Copper 5.01! 5N! -kO IE+OO 

Cyanide NA NA 0.3 NC 

Lead 28.00 2.50 -1.0 7E+OO 

Sil\'er Cnxk doH"nsrreum of Mercury 0.25 0.25 0.1 3E+OO 

conf/u,;nce \.dth .~Dttth Selenium 2.50 2.50 9.0 3E-01 
dil't:'rsion ditch Silver 5.00 5.00 9.0 6E-01 

Zinc 850.00 850JJ0 1.0 9E+02 

TOT.-J.LHI 9E+02 

' _j 
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Table 7-7 DRAFT 
Surface Water Hazard Quotients (HQs) for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water Exposure 
Amphibian &reening 

Concentration Max (ug/L) 
Benchmark (ug/L) 

Amphibian HQ 

Station Information Parameter Total Dissolved 

Arsenic 7.20 NA -1.0 2E+fl0 

Silver Creek- downstream Cadmium 1.65 NA -1.0 -IE-01 

RF-SW-05 Copper 10.00 NA -1.0 3E+fl0 

Cyanide NA NA 0.3 NC 

Lead 151.00 NA -HJ .JE+Ol 

Sil\·,;r Creek dovvnstrl!am of 
Mercury 0.10 NA 0.1 IE+OO 

din:rsion ditch Selenium 7.50 NA 9.0 8E-Ol 

Silver 1.20 NA 9.0 IE-01 

Zinc -166.00 NA 1.0 5E+02 

TOTAL HI 5E+02 

Arsenic 12.50 NA -1.0 3E+fl0 

Silver Creek- downstream Cadmium 1.65 NA -1.0 -IE-01 

RF-SW-06 Copper 10.00 NA -1.0 3E+fl0 

Cyanide NA NA 0.3 NC 

Lead 33.:20 NA -1.0 8E+OO 

Silve.:r Crel!-k doH·nstreum of 
Mercury 0.10 NA 0.1 IE+OO 

din:rsion ditch Selenium 7.50 NA 9.0 8E-01 

Silver NA NA 9.0 NC 
Zinc 321.00 NA 1.0 3E+02 

TOTAL HI 3E+02 

Arsenic 6.00 6.00 -1.0 2E-Hl0 

Silver Creek- downstream Cadmium 2.00 1.83 -1.0 5E-Ol 

USC-1 Copper 12.00 2.50 -1.0 3E+OO 

Cyanide NA NA 0.3 NC 

Lead 51.00 2.50 -1.0 lE-Hil 

) Siln:r Crc:t.!k bdow Mercury 0.11 0.00 0.1 IE+OO 

Richardson Flat; at C:!-18 Selenium 2.50 2.50 9.0 3E-Ol 
rail tressel Silver 2.50 2.50 9.0 3E-01 

Zinc 1100.00 1000.00 1.0 1E+fl3 

TOTAL HI 1E-Hl3 

Arsenic 2.50 7.00 -1.0 6E-Ol 

Silver Creek- downstream Cadmium 2.00 1.50 -1.0 5E-Ol 

CSC-1 Copper 2.50 2.50 4.0 6E-Ol 

Cyanide NA NA 0.3 NC 

Lead 16.00 1~.00 4.0 .JE+OO 

Silver Crt:t!k bdow Mercury NA NA 0.1 NC 
Richardson Flut: ut UJ-18 Selenium 2.50 2.50 9.0 3E-01 

cuh·ert Silver 7.00 2.50 9.0 8E-OI 

Zinc 630.00 710.00 1.0 6E+fl2 

TOTAL HI 6E+fl2 

Arsenic NA NA -1.0 NC 
South Diversion Ditch Cadmium NA NA -1.0 NC 

N5 Copper I 0.87 NA 4.0 3E+fl0 

Cyanide NA NA 0.3 NC 

Lead -1-1.61 NA -1.0 lE+Ol 

Mercury 0.~0 NA 0.1 2E+fl0 
Di,•ersion Ditch Seienmm NA NA 90 NC 

Silver NA NA 9.0 NC 

Zinc 918.35 NA 1.0 9E+02 

TOTAL HI 9E+02 

Arsenic 5.00 6.00 -1.0 IE+IJO 

South Diversion Ditch Cadmium 0.50 0.50 -10 IE-01 

RF-:: Copper 18.00 16.00 -tO 5E+ll0 

Cyamde NA NA 0.3 NC 

Lead 5.00 5.00 -1.0 IE+OO 

Mercury 0.28 0.20 0.1 3E+ll0 
South din:rsion ditch Selenium 2.25 :.25 9.0 3E-Ol 

Silver 3.~5 3.75 9.0 -IE-01 

Zinc 9-1.1)() 79.00 1.0 9E+fll 

TOT.-J.L HI 1E+fl2 
) 
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Table 7-7 DRAFT 
Surface Water Hazard Quotients (liQs) for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Surface Water Exposure 
Amphibian Screening 

Concentration Max (ug!L) 
Benchmark (ug!L) 

Amphibian HQ 

Station Information Parameter Total Dissolved 

Arsenic 8.00 8.00 -1.0 2E+OO 

South Diversion Ditch Cadmium 2.00 0 50 4.0 5E-OI 

RF-.f Copper 17.00 11.23 -1.0 4E+OO 

Cyanide NA NA 0.3 NC 

Lead 2.50 3.61 -1.0 6E-01 

Mercury 0.35 0.20 0.1 3E+OO 
Sourh Jin:rsion ditch Selenium 2.17 2.17 9.0 2E-01 

Silver 3.33 3.33 9.0 4E-01 

Zinc 2700.00 2600.00 1.0 3E+03 

TOTAL HI 3E-Hl3 

Arsenic 6.00 5.00 -1.0 2E+OO 

South Dh'ersion Ditch Cadmium 1.00 0.50 4.0 3E-01 

RF-5 Copper 12.13 9.11 -1.0 3E+OO 

Cyanide NA NA 0.3 NC 

Lead 9.fJO 2.50 4.0 2E+OO 

Mercury 0.26 0.22 0.1 3E+OO 
South divcJrsion ditch Selenium 0.00 2.20 9.0 -IE-04 

Silver 9.86 3.64 9.0 IE+OO 

Zinc 900.00 860.01) 1.0 9E-Hl2 

TOTAL HI 9E+Il2 

Arsenic 8.00 7.00 -1.0 2E+Illl 

South Diversion Ditch Cadmium 2.00 0.50 -1.0 5E-OI 

RF-5--1 Copper 18.00 17.00 -1.0 5E+Il0 

Cyanide NA NA 0.3 NC 
Lead 2.50 2.50 -1.0 6E-OI 

0 Mercury 0.2-1 0.22 0.1 2E+OO 
Smah diversion ditch Selenium 2.00 2.00 9.0 2E-OI 

Silver 2.50 2.50 9.0 3E-OI 

Zinc 2600.00 2500.00 1.0 3E+03 

TOTAL HI 3E+03 

Arsenic 6.00 6.00 -1.0 2E+OO 

South Diversion Ditch Cadmium 2.02 1.69 4.0 5E-OI 

RF-6 Copper 5.00 5.00 -1.0 IE+OO 

Cyanide 2.00 NA 0.3 8E+OO 

Lead -18.00 2.50 4.0 lE+Ol 

Mercury 0.23 0.25 0.1 2E+OO 
South din:rsion ditch Selenium 3.73 2.61 9.0 -IE-01 

Silver -1.50 -1.-14 9.0 5E-01 

Zinc 850.00 850.00 I.IJ 9E+02 

TOTAL HI 9E-Hl2 

Arsenic 750.00 3.86 -1.0 2E+02 

South Diversion Ditch Cadmium 0.00 0.6-1 -IJJ 5E-0-I 

RF-6-:l Copper 9.97 6.88 -1.0 2E-Hlll 

Cyanide NA NA 0.3 NC 

Lead 16.00 3.65 4.0 4E-Hlll 

Mercury 0.32 0.00 0.1 3E+OO 
South din:rsion ditch Selenium 5.87 2.09 9.0 7E-01 

Silver -1.80 3.-11 9.0 5E-01 

Zinc 310.00 150.00 1.0 3E+!I2 

TOTAL HI 5E-H12 

Arsenic 6.00 2.50 -1.0 2E+Il0 

South Diversion Ditch Cadmium 1.83 1.83 -1.0 5E-01 

USC--I Copper 6.00 2.50 -1.0 2E+OO 

Cyanide NA NA 0.3 NC 
Lead 11.00 2.50 -1.0 3E+OO 

Richardson Flats Jil·ersion 
Mercury 0.00 0.00 0.1 2EJJ2 

ditch 50' Selenium 2.50 2.50 9.0 3E-OI 

Silver 2.50 2.50 9.0 3E-OI 

Zinc 110.00 100.00 1.0 1E+02 

TOTAL HI 1E+02 

Arsenic IIJ.fJO 10.00 -1.0 3E-H)(I 

Site Ponded Water Cadmium 0.50 0.50 -1.0 IE-<! I 
RF-9 Copper 5.00 5.00 -1.0 IE+OO 
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Table 7-8 Summary of Species Toxicity Values for Amphibians 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Species 

Leopard frog (Rana pipiens) 

Leopard frog (Rana pipiens ) 

NmTow-mouthed toad ( Gastrophryne carolinensis) 

Marbled salamander (Ambystoma spacum) 

-
African clawed toad (Xenopus laevis) 

American toad (Bufo americanus) 

Fowler's toad (Bufofowleri) 

Southern gray tree frog (Hyla cluysoscelis) 

All concentratwns are total recoverable and umts are m ug/L. 

All values are based on data given in EPA 1985 b-e, 1987, 1996. 

Endpoint Type 

Death 

EC50 (death & 
defonnity) 

EC50 (death & 
defmmity) 

EC50 (death & 
deformity) 

LC50 

Avoidance 
threshold 

EC50 (death & 
deformity) 

EC50 (death & 
deformity) 

* For mercury, additional toxicity endpoints are presented in Figure 7-8d. 

All hardness dependant values are adjusted to a hardness of I 00 mg/L. 

na =Not Available 

RFT Tox data-amphib.xls: All amphib 

Exposure 
Arsenic Copper 

Duration 

30 days na na 

8 days na 50 

7 days 40 21 

8 days 4450 777 

48 hrs na na 

80min na 100 

7min na 26,960 

7 min na 40 

~RAFT 

Lead Mercury* Zinc 

100 na na 

na 7 na 

17 I 6 

1,479 108 2,400 

na 74 34,500 

na na na 

na 66 na 

na 2 na 



J. 

) 
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Table 7-9 
Seep* Hazard Quotients (HQs) for Amphibians 

Screening Ecological Risk Assessment for Richardso11 Flat Tailings 

Station Information 

Site Monitoring Well 

.WW-01 

Moniwring t~•e/1 #I belo~t· 
main embankment 

Site Monitoring Well 

.'v!IV-03 

Afoniroring 1rell #3 below 

main embankmem 

Site Monitoring Well 

MW-04 

,\1onuonng ll'dl #4 bela a· 
main t:'mbankmt?nt 

Site Monitoring Well 

MJV-05 

AfonilOring \t·e/1 #5 bdow 

main embankment 

Site Monitoring Well 

MIV-Oii 

/t4ouironng H·ei/ #6 bela a· 

main embanJ..ml!m 

Background 

RT-1 

L 'psrream monuormg 11·e/l 

NA ~Not Available 

NC ~Not Calculated 

Parameter 

Arsenic 

Cadmium 
Copper 

Cyanide 

Lead 

Mercury 

Selenium 

Silver 
Zinc 

TOTAL HI 

Arsenic 

Cadmium 
Copper 

Cyanide 

Lead 

Mercury 

Selenium 

Silver 
Zinc 

TOTAL HI 

Arsenic 

Cadmium 

Copper 

Cyanide 

Lead 

Mercury 

Selenium 

Silver 

Zinc 

TOTAL HI 

A.rsen1c 
Cadmium 

Copper 

Cyanide 

Lead 

Mercury 

Selenium 

Silver 

Zinc 

TOTAL HI 

Arsenic 
Cadmium 

Copper 

Cyanide 

Lead 

Mercury 

Selemum 

Silver 

Zinc 

TOTAL HI 

Arsenic 

Cadmium 

Copper 

Cyanide 

Lead 

Mercury 

Selenium 

Silver 

Zinc 

TOTAL HI 

Groundwater Exposure Amphibian 
Concentration Max (ug!L) Screening 

Benchmark (ug/L) 
Total Dissolved 

76 3.6 4.0 

42 3.3 4.11 

1,583 20 4.0 

32 NA 0.3 

88 92 4.0 

0.3 0.2 0.1 

15 15 9.0 

2 10 9.0 

650 108 1.0 

NA NA 4.0 

NA NA 4.0 

10 NA 4.0 

8 NA 0.3 

69 49 4.0 

2.1 NA 0.1 

NA NA 9.0 

NA NA 9.0 
NA 70 1.0 

NA NA 4.0 

NA NA 4.0 

15 NA 4.0 

11.816 NA 0.3 

120 58 4.0 

0.7 NA 0.1 

NA NA 9.0 

NA NA 9.0 

NA 200 1.0 

NA NA 4.0 

NA NA 4.0 

15 NA 4.0 

37 NA 0.3 

131 61 4.0 

2.2 NA 0.1 

NA NA 9.0 

NA NA 9.0 

NA 1.900 1.0 

349 9.0 4.0 

16 3.3 4.0 

190 20 4.0 

I ,552 NA 0.3 

142 37 4.0 

0.5 0.2 0.1 

15 15 9.0 

17 10 9.0 

2,790 73 1.0 

4 3.6 4.0 

3 3.3 4.0 

30 171 4.0 

5 NA 0.3 

627 41 4.0 

0.2 0.2 0.1 

3 3 9.0 

2 10 9.0 

136 20 1.0 

Concentrations are calculated using 1/2 the detection limll for non-detects "U". 

lfwell-:;pecific hardness is not available. a well hardness of 200 mg, L is assumed. 

Amphibian HQ 

2E+Ol 

IE+OI 

4E+02 

IE+02 

2E+OI 

JE+OO 

2E+OO 

3E-01 
7E+02 

IE+OJ 

NC 

NC 

3E+OO 

3E+OI 

2E+OI 

2E+OI 

NC 

NC 
7E+OI 

IE+02 

NC 

NC 
4E+OO 

5E+04 

3E+Ol 

7E+OO 

NC 

NC 
2E+02 

5E+04 

NC 

NC 

4E+OO 

1E+02 

3E+Ol 

2E+Ol 

NC 
NC 

2E+03 

2E+OJ 

9E+OI 

4E+OO 

5E+OI 

6E+OJ 

4E+OI 

SE+OO 

2E+OO 

2E+OO 

3E+03 

9E+03 

9E-01 

SE-01 

8E+OO 

2E+Ol 

2E+02 

2E+OO 

3E-OI 

3E-01 
1E+02 

3E+02 

If hardness is greater than AWQC upper hardness limit. the upper hardness limit is used to ~alulate the.--\ \VQC. 

HQs m exceedance of the benchmark are shown in boldface type. 

*Seep concentrations are estimated using a,·ailable groundwater data. 

Amph1b1an_Seep EPC by stat1on xis HQ Summary by Stat1on 
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Table 7-10 

Seep Water* Hazard Quotients (HQs) for Plants 

Screening Ecological Risk Assessment for Richardson Rat Tailings 

Station Information 

Site Monitoring WeU 

MW-01 

.\fonitoring ue/1 Fl-1 beloh 
main embankment 

Site Monitoring Well 

MW-03 

.Ho11itoring It ell #3 belo1~· 
mai11 embankment 

Site Monitoring WeU 

MW-04 

.tlonitonng wt'/1 #4 bf'lolt' 
main embankment 

Site Monitoring Well 

MW-05 

.\fonitoring \~ell TT5 beioh 
mai11 embankment 

Site Monitoring Well 

MW-06 

.tfonuormg well #IJ below 
ma111 embankment 

Site Monitoring Well 

RT-1 

Cpstream monitormg 11·ei/ 

NA = Nol A\tailable 
NC = Not Calculated 

Parameter 

Aluminwn 

Arsenic 
Beryllium 
Cadmium 

Chromium 
Cobalt 
Copper 

Lead 
Manganese 

Mercury 
Seleniwn 

Zinc 
TOTAL HI 
A.luminuru 

Arsenic 
Beryllium 
Cadmium 
Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 
Selenium 

Zinc 
TOnLHI 
Alum mum 

Arsenic 
Beryllium 
Cadmiwn 

Chromium 
Cobalt 
Copper 

Lead 

Manganese 
Mercury 

Selenium 
Zinc 

TOTAL HI 
Aluminum 

Ammc 
Beryllium 
Cadmium 
Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 
Selenium 

Zinc 
TOTAL HI 
.1\..iuminum 

Arsenic 
Beryllium 
Cadmium 
Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 
Selenium 

Zinc 
TOTAL HI 
Aluminum 

Arsenic 
Beryllium 
Cadm1wn 

Chromium 
Cobalt 
Copper 

Lead 
Manganese 

Mercury 
Selenium 

Zinc 
TOTAL HI 

Groundwater EPC (ug/L) 

Total Dissolved 

80,700 49.6 
76 3.6 
3 I.S 

42 3.3 

95 7.8 
46 \0.0 

I ,583 20 

88 92 
590 33,000 

0 0.2 
15 15 

650 lOS 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
10 NA 
69 49 

!.967 7,536 
2 NA 

NA NA 
NA 70 

NA NA 
NA NA 
NA NA 
NA NA 

NA NA 
NA NA 
15 NA 

120 58 
12,000 6,797 

I NA 
NA NA 
NA 200 

NA NA 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
15 NA 
Ill 61 

16,000 13.368 
2 NA 

NA NA 
NA I ,900 

4,920 68.5 
349 9.0 
5 3.7 
16 3.3 
42 7.8 
80 67 0 
\90 20 
142 37 

3.716 4.246 

I 0.2 
15 15 

2.790 73 

15,700 191.0 
4 3.6 
I 0.9 
3 :J._~ 

II 7.8 
II 6.0 
!0 171 

627 41 
162 20 
0 0.2 

3 
\36 20 

Concentrations are calculated using I 2 the dereclion limH for non-detects "U" 
HQs in exceedance of the benchmark are shO\\tTl in boldFace rype. 

*Seep concentrations are estimated using available groundtuler dala. 

Plant R•sk_Seep rev xis: HQ Summary by Stat1on 
2/15/2002 

Plant Screening 
Benchmark for 
Solutions (ug/L) 

300 

I 
500 
100 
50 
60 
60 
20 

4,000 
5 

700 
400 

300 
I 

500 
100 

50 
60 
60 
20 

4,000 
5 

700 
400 

300 
I 

500 
100 

50 
60 
60 
20 

4.000 
5 

700 
400 

300 

I 
500 
\00 
50 
60 
60 
20 

4,000 
5 

700 
400 

300 
I 

500 
100 

50 
60 
60 
20 

4,000 
5 

700 
400 

300 
I 

500 
100 

50 
60 
60 
20 

4.000 
5 

700 
400 
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Plant HQ 

3E+02 

8E-Hll 
7E-03 
4E-IJI 

2E-Hl0 
SE-0\ 
3E-Hll 
4E-Hl0 
\E-O\ 
5E-02 
2E-02 
2E-Hl0 
4E+02 

NC 
NC 
NC 
NC 

NC 
NC 

2E-01 
3E-Hl0 
IE+OO 
4E-0\ 

NC 
2E-Ol 

SE+1JO 
NC 

NC 
NC 
NC 
NC 
NC 

JE-0\ 
6E+1JO 
3E-Hl0 
\E-01 
NC 

SE-01 

IE+1JI 
NC 

NC 
NC 
NC 
NC 
NC 

3E-Ol 
7E+OO 
4E+1JO 
4E-01 

NC 
SE+OO 

2E+1ll 
ZE+OI 

3E-Hl2 
\E-02 
2E-Ol 

8E-OI 
IE+OO 
3E+OO 
7E+1JO 
9E-Ol 
lE-O\ 
2E-02 

7E+1JO 
4E+1J2 
5E+1Jl 

4E-Hl0 
JE-03 
JE-02 

2E~I 

2E-Ol 
SE-01 
3E+1ll 
-lE-02 

-lE-02 
4E-03 
!E-O\ 

9E+1JI 
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Table 7-11 
Summary of Screening Level Ecological Risk Assessment Results 

Screeni11g Ecological Risk As.~essmentfor Richardson Flat Taifi11gs 

Exposure 
Receptor 

Exposure 
Exposure Unit with Risks COPCs Range of HQ or HI Values 

Further Evaluation 
Medium Pathway (Yes/No) 

Silver Creek upstream> Aluminum, arsenic, cadmium, 
HQ s I to 200 (Total Acute) 

Yes for South 
Aquatic HQ s I to 500 (Total Chronic) 

Receptors 
Direct Contact Silver Creek downstream > chromium, copper, lead, 

HQ s I to 200 (Dissolved Acute) 
Diversion Ditch and 

South Diversion Ditch mercury, selenium and zinc 
HQ s 1 to 400 (Dissolved Chronic) 

Wetlands 

Silver Creek upstream> 
Silver Creek downstream > 

Yes fix South Surface 
South Diversion Ditch > Arsenic, cadmium, copper, 

Water Amphibians Direct Contact HQ s I to I 00,000 Diversion Ditch and 
Unnamed drainage> cyanide, lead, mercury and zinc 

Wetlands 
ponded water. Wetlands 
unknown. 

Avian Wildlife Ingestion None None 
All HI s 1 (NOAEL) 

No 
All HI s I (LOAEL) 

Mammalian 
Ingestion Silver Creek Upstream Lead 

s 1 to 4 HI (NOAEL) 
No 

Wildlife All HI s 1 (LOAEL) 

Groundwater at main 
Aluminum, arsenic, cadmium, HQ s I to 500 (Total Acute) 

Aquatic 
Direct Contact embankment > upgradient 

chromium, copper, cyanide, HQ s 1 to 2,000 (Total Chronic) 
Yes 

Receptors lead, mercury, selenium and HQ s 1 to 9 (Dissolved Acute) 
groundwater 

zinc HQ s I to 20 (Dissolved Chronic) 

Seeps 
Groundwater at main Arsenic, cadmium, copper, 

Amphibians Direct Contact embankment> upgradient cyanide, lead, mercury, HQ s 1 to 50,000 Yes 
groundwater selenium, and zinc 

Groundwater at main Aluminum, arsenic, chromium, 
HQ s 1 to 300 

Plants Direct Contact embankment> upgradient copper, lead, manganese, and Yes 

groundwater zinc 

Avian Wildlife Ingestion None None 
All HI s I (NOAEL) 

No 
All HI s 1 (LOAEL) 

Seeps 
Mammalian HI s 1 to 3 (NOAEL) 

Wildlife 
Ingestion Upgradient groundwater Lead 

All HI s 1 (LOAEL) 
No 

Silver Creek upstream> Aluminum, antimony, arsenic, 
Yes for South 

Sediment Benthic 
Direct Contact 

Silver Creek downstream > cadmium, chromium, copper, HQ s I to 700 (Low Benchmark) 
Diversion Ditch and 

In vertebrates South Diversion Ditch > lead, manganese, mercUiy, HQ s 1 to 300 (High Benchmark) 
Wetlands 

Wetlands nickel, silver, zinc 

Table 7- 11 SERA summary.wpd Page 1 of 3 
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Table 7-11 
Summary of Screening Level Ecological Risk Assessment Results 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Exposure 
Receptor 

Exposure 
Exposure Unit with Risks COPCs Range of HQ or HI Values 

Further Evaluation 
Medium Pathway (Yes/No) 

Silver Creek Upstream 
Yes for Wetlands 

Avian Wildlife 
Incidental >Silver Creek Downstream Aluminum, arsenic, cadmium, HI= 10 to 80 (NOAEL) 

Area and South 
Ingestion >·wetlands area> South lead, zinc HI = 3 to 40 (LOAEL) 

Diversion Ditch 
Diversion Ditch 

Silver Creek Upstream 
Yes for Wetlands 

Mammalian Incidental >Silver Creek Downstream Aluminum, antimony, arsenic, HI = 30 to I 00 (NOAEL) 
Area and South 

Wildlife Ingestion =Wetlands area> South lead, and thallium HI= 5 to 50 (LOAEL) 
Diversion Ditch 

Diversion Ditch 

Tailings> Off- Aluminum, antimony, arsenic, 
HQ ~I to 500 (Low Benchmark) 

Plants Direct Contact Impoundment> On- cadmium, chromium copper, 
HQ ~I to 60 (High Benchmark) 

Yes 
impoundment > background lead, selenium, silver, zinc 

Tailings> Off- Aluminum, arsenic, cadmium, 
HQ ~ 1 to 200 (Low Benchmark) 

Soil Fauna Direct Contact Impoundment> On- chromium copper, lead, 
HQ ~I to 5 (High Benchmark) 

Yes 
impoundment> background mercury, selenium, zinc 

Soil 
Aluminum, arsenic, barium, 

Incidental 
Tailings> On-

chromium, cadmium, copper, HI ~I to 200 (NOAEL) 
Avian Wildlife 

Ingestion 
Impoundment> Off-

lead, mercury, selenium, and HI ~I to 70 (LOAEL) 
Yes 

impoundment > background 
zmc 

Mammalian Incidental 
Tailings> On- Aluminum, antimony, arsenic, 

HI ~I to 8,000 (NOAEL) 

Wildlife Ingestion 
Impoundment> Off- barium, cadmium, lead, 

HI ~ 1 to 3,000 (LOAEL) 
Yes 

impoundment> background selenium, and zinc 

Avian & 
Silver Creek upstream> 

Aluminum, antimony, 

Mammalian 
Ingestion of Silver Creek downstream > 

arsenic, cadmium, lead. 
His= 4,000 to 50,000 (NOAEL) Yes for wetland and 

Fish South Diversion Ditch > His= 1,000 to 20,000 (LOAEL) south diversion ditch 
Food Piscivores 

Wetlands 
selenium, and zinc 

Chain 
Items Ingestion of 

Silver Creek upstream > 

A vi an Aquatic 
Benthic 

Silver Creek downstream> 
Cadmium, lead and zinc 

His= 2,000 to 6,000 (NOAEL) Yes for wetland and 

Insectivores 
In vertebrates 

South Diversion Ditch> His= 200 to 1,000 (LOAEL) south diversion ditch 

Wetlands 

Food Avian & 
Tailings > Off-

Chain Mammalian 
Ingestion of Impoundment soils> On-

Lead, selenium, and zinc 
HI ~I to 40 (NOAEL) 

Yes 
Items Herbivores 

Plants impoundment soils> HI ~I to 20 (LOAEL) 
Background 

Table 7- II SERA summary.wpd Page 2 of 3 
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Table 7-11 
Summary of Screening Level Ecological Risk Assessment Results 

Screening Ecological Risk Assessment for Richardson Flat Tailings 

Exposure 
Receptor 

ExpGsure 
Exposure Unit with Risks COPCs Range of HQ or HI Values 

Further Evaluation 
Medium Pathway (Yes/No) 

Avian & 
Ingestion of 

Tailings> Off-
Mammalian 

Terrestrial 
Impoundment soils > On- Arsenic, cadmium, copper, lead, HI= 100 to 20,000 (NOAEL) 

Yes 
Terrestrial 

Invertebrates 
impoundment soils> mercury, selenium, and zinc HI= 30 to 6,000 (LOAEL) 

Insectivores Background 

Avian & Ingestion of 
Tailings> Off-

Impoundment soils> On- HI= 3 to 200 (NOAEL) 
Mammalian Small 

impoundment soils> 
Cadmium, lead, and selenium 

HIs: 1 to 20 (LOAEL) 
Yes 

Carnivores Mammals 
Background 

Table 7- I I SERA summary.wpd Page 3 of 3 
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Table 8-1 
Principle Sources of Uncertainty 

Screening Level Ecological Risk Assessment for the Richardson Flats Tailings Site 

IQ!rni!ISio•n of reptiles as 
lre:onose,nulli\re species 

The specific species may not 
RFT Site. The species chosen were selected to represent general trophic levels and 
feeding strategies. 

l 1nknown Toxicity information for quantitative evaluation of risks for reptiles associated with 
ingestion of and direct contact with COPCs could not be identified and specific 
representative species were not selected. The sensitivity of these organisms relative to 
birds. mammals. and amphibians is unknown. 

IVIIW'""~'n of food web pathways Underestimate The food web pathways for benthic invertebrate and fish ingestion could not be ev•liwlle<ll 

tnOdel parameters for 
ife receptors 

"tat utilization by wildlife 

1c•u~umronofavemgewwy 
for wildlife species 

as prey tissue data is not available and could not be estimated. The lack of prey data 
results in underestimation of risks. 

l 1nderestimatc Not all possible exposure pathways are evaluated in the SERA. Omission of some 
pathways may underestimate exposures and risks. 

Unknown The UCL95 concentrations of COPCs are used as exposure point concentrations for 
wildlife receptors. These concentrations are assumed to be uniform across the Site area 
Actual exposures on a location-by-location basis may be lower or higher. 

l 1 nknown Exposure asswnptions for wildlife are based on literature reported information. Some 
assumptions are ba<;ed on data for laboratory test organisms. The true factors could be 
higher or lower. Actual diet compositions of wild organisms vary depending on feeding 
preferences and prey availability. 

Overestimate Absorption efficiency for all COCs for wildlife doses via ingestion of sediments are 
assumed to be 100%. Absorption efficiency for most metals are typically less than 

Overestimate Wildlife are assumed to use all sampling locations in constant proportion to the total 
foraging area. Animals are most likely habitat selective. 

Overestimate The bioavailability of chemicals in prey is assumed to be equivalent to the bioavailability 
of the COC in laboratory test media. Tlus assumption is conservative as laboratory 
testing purposely includes doses required to ensure maximum uptake of chemicals. 

l' nknown Screening level benchmarlcs were identified for literature studies. The actual silA:>-Sipecili•~l 
toxicity of COPCs may be lugher or lower. 

of toxicity benchmarks Underestimate Toxicity benchmarks could not be identified for all COPCs. Wildlife TRVs could not be 
derived for all COCs for all receptors. therefore risks may be underestimated for these 
COPCs. 

IA.llllajgon~sti.c, synergistic, and 
effects of chernical 

l'nlamwn Effects associared with exposures to multiple chemicals are Wlknown. For screening 
purposes addi ti vi ty is assumed for wildlife. 

Overestimate The risks to wildlife (hazard quotients) represent risks for individuals. Natural 
populations are resilient and the death or impairment of a few individuals may not 
threaten the integrity of the population. 

l 1nla10wn The risk assessment assumes that protection of birds, mammals and amphibians will 
protect reptiles as well. Currently. it is not possible to assess the relative sensitivity and 
the validity of this assumption. 

Tahle S-1 Uncertainty Sources.xls: SERA Uncert:J.inty 
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Table 9-1 
Summary of Data Gaps for Ecological Risk Assessment 

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings 
Exposure Area Data Type Data Gaps Data Collection 

Surface water data from wetlands area is not available. 
Collect surface water samples from wetland area and analyze 

Extent of contamination in surface water is unknown. 
for target analyte list (TAL) metals. Also collect information 
on water quality. 

Collect additional sediment samples for analyses ofT AL 
metals to better understand current extent of contamination 

Analytical Sediment data from the wetland area is limited to four after recent site activities. 
Data samples collected by E&E in 1993 (Table 3-9) 

Complete concurrent analyses of pore water concentrations of 
metals in sediments. 

Wetland Area Seep water data from the main embankment area is not Collect seep samples and analyze forT AL metals as well as 

and available. Risks in the SERA are estimated from locate and identify location and extent of seeps along 

Embankment groundwater data. embankment. 

Collect information on the extent and nature of the wetlands 
habitat present. This would include qualitative information on 

Information on the type of wetland extent of possible 
vegetative cover that would be used to identify possible use 
by wildlife and aquatic receptors. 

Biological 
habitat is unknown. 

Data 
Use of the wetland area by wildlife and aquatic 

Complete a qualitative sampling of the wetlands area 

receptors is unknown. 
(concurrently with surface water, sediment and sediment pore 
water samples) to identify presence absence of 
macroinvet1ebrates. Species will be identified to lowest 
taxonomic level possible. 

Page 1 of,3 
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Table 9-1 
Summary of Data Gaps for Ecological Risk Assessment 

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings 
Exposure Area Data Type Data Gaps Data Collection 

Consider toxicity testing of seep water, sediment, and/or 
sediment pore water in consideration of habitat information 

Toxicological 
The SERA predicts that surface water, seep water and obtained and site-specific needs to reduce the conservative 
sediments of the wetland area are toxic to aquatic screening estimates of the SERA. 

Data 
receptors however site-specific toxicity is unknown. 

Testing should be completed concurrently with sampling and 
analyses for analytical parameters and biological sampling. 

Wetlands and The SERA predicts risks for wildlife species Collect benthic organisms and fish (if present) from wetlands 
Embankment Biological consuming, benthic invertebrates and fish from the are for tissue analyses of TAL metals. Samples should be 

Tissue Data wetlands area. The site-specific metals concentrations collected concurrently with other environmental media 
in food items is unknown. samples. 

Collect concurrent analyses metals with any sediment, 
Current sampling of the sediments of the South sediment pore water, benthic invertebrate community survey 
Diversion ditch is adequate for establishing extent of an ell or biological tissue sampling. 

South Diversion Analytical contamination. It may however be necessary to collect 
Ditch Data further samples for analyses concurrently with any Sampling and analyses of TAL metals in sediment pore water 

toxicity testing, benthic invertebrate sampling, or may be useful in understanding the bioavailability and 
biological tissue sampling. potential toxicity of metals measured in bulk sediment 

samples 

Collect information on the extent and nature of the habitat 
present. This would include qualitative information on 
vegetative cover that would be used to identify possible use 

South Diversion Biological 
Information on the type of habitat is unknown. by wildlife and aquatic receptors. 

Potential use of the diversion ditch area by wildlife and 
Ditch Data 

aquatic receptors is unknown. Complete a qualitative sampling of the diversion ditch 
(concun·ently with sediment and sediment pore water 
samples) to identify presence absence of macroinvertebrates. 

Species will be identified to lowest taxonomic level possible. 

Page 2 ofJI 
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Table 9-1 
Summary of Data Gaps for Ecological Risk Assessment 

Screening Level Ecological Risk Assessment for the Richardson Flat Tailings 
Exposure Area Data Type Data Gaps Data Collection 

Consider toxicity testing of sediment, and/or sediment pore 
water in consideration of habitat information obtained and 

The SERA predicts that surface water and sediments of 
site-specific needs to reduce the conservative screening 

South Diversion Toxicological estimates of the SERA. 
Ditch Data 

the South Diversion ditch toxic to aquatic receptors 
however site-specific toxicity is unknown. 

Concurrent samples of media should be analyzed for TAL 
metals with analyses coordinated with any biological 
sampling or sampling of biological tissue. 

The SERA predicts risks for wildlife species Collect benthic organisms and fish (if present) for tissue 
South Diversion Biological consuming, benthic invertebrates and fish from the analyses ofT AL metals. Sediment and/or sediment pore water 

Ditch Tissue Data South Diversion Ditch. The site-specific metals samples should be collected concurrently and analyzed for 
concentrations in food items is unknown. TAL metals. 

Analytical 
Current sampling of the soils on and off the main Analyze future monitoring samples for TAL list. Analyze 

Data 
impoundment have been analyzed for an inconsistent samples collected for concurrent analyses of tissues for TAL 
set of analyses. list. 

Map extent of soil cover off and on the main impoundment. 

Other Data 
Potential risks are associated with the depth and extent Evaluate risks in the ERA considering the depth of soil cover 
of soil cover. in relation to the types of plant cover present and root zone for 

such. 

Biological 
Information on the type of habitat is unknown. 

Map and characterize the type of vegetative cover. 
On and Off-Site Data 

Potential use of the on and off impoundment soils areas 
Characterize habitat and identify possible wildlife receptors. 

area by wildlife is unknown. 
Impoundment 

Consider toxicity testing of soils with earthworms and/or 
Soils 

plants in consideration of vegetation and soil cover 

Toxicological 
The SERA predicts that on and off impoundment soils information obtained and site-specific needs to reduce the 

Data 
are potentially toxic to plants and soil invertebrates conservative screening estimates of the SERA. 
however site-specific toxicity is unknown. 

Testing should be completed concurrently with sampling and 
analyses for analytical parameters and biological sampling. 

The SERA predicts risks for wildlife species 
Collect plants and soil invertebrates for tissue analyses of 

Biological consuming, plants, soil invertebrates and small 
TAL metals. Soil samples should be collected concurrently 

Tissue Data mammals. The site-specific metals concentrations in 
and analyzed forT AL metals. 

food items is unknown. 
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WILDLIFE EXPOSURE FACTORS 



PnramctCJ' Symbol 
Ilnhitat 

Body Weight BW 
(kg wet weight) 

Foud Ingestion Rate IRrood 
(kg wet weight/day) 

Water Iugestiou Rate JRvdter 
(Uday) 

Soil lnge1tion Rllte JR,o;J 
(kg dry weight/day) 

Dictm·y Compositiou df 

(li·action wet volume) 

Home Range Size HR 
(ha) 

Scasuunl lise 

Exposure Factors.xls: Red Fox 
21712002 

Red Fox 
Vulpes vulpes 

Reported Values 

Habitats are diverse. Red fox prefer areas with broken and diverse 
upland habitats. They are rare in pine forests, moist conifer forests and 
semiarid grasslands and deserts. 

5.25 - Mean - adult males in spring - Illinois 
4.13- Mean- adult females in spring- Illinois 
4.82 -Mean - adult males in t~1ll- Iowa 
3. 94 - Mean - adult females in fall - Iowa 
2.95 to 7.04- Range of means 

0.069 g/g-day (wet weight)- Mean- nonbreeding adults- North Dakota-
capllve 

= 0.31 kg/day (based on BW of 4.54 kg) 

Species-specific values are not available. 

Can be estimated based on the following equation: 

n~ ..... =0.099*BW'
90 

Ingestion of soil (I,oul as percentage of food intake (kg sediment thy 
weight/kg food d1y weight) is reponed at 2.8%. I,ed equal to 0.028. 

The red fox feeds on both plants and animals with most of its diet 
composed of small mammals, birds, insects and lh1it. 

1,611 -Mean -adult both sexes- British Columbia 
1,967- Mean- adult male- British Columbia 
1,137- Mean- adult female- British Columbia 
699 - Mean - adult female - spring - Minnesota 
717 - Mean - adult male - Wisconsin 
96- Mean- adult female- Wisconsin 

'''\ 

-J 
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References Vnlnes Identified fo1· ERA 

USEPA, 1993 

USEPA, 1993 Mean of reponed means: 
4.54 

USEPA, 1993 Rep011ed value used: 

0.31 

lJSEPA, 1993 Estimated from equation: 

0.39 

Beyer, 1994 IR,od = 1Rrood*0.27*1,0 ;1 Where 0.27 (kg food dty 
weight /kg food wet weight) = wet weight to d1y 
weight conversion factor for food assuming 27% 
d1y matter in food: 

0.0023 
USEPA, 1993 Fraction fish= dfmammah = 0.90 

Fraction plants = dl~1.,, = 0 .I 

27% solids in diet based on weighted average. 
USEPA, 1993 Mean of reported values: 

1,038 
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Masked Shrew 
Sorex cinereus 

PRnmeter Symbol Reported Values 
Habitat Masked shrews are the most common shrews in moist forests, open 

country, and brush of the northern United States. High-metabolic rates 
require cool, moist areas. 

Body Weight BW 2.4-7.8 g (mean ofrange- 5.1g) 
(kg wet weight) 4-7g (mean ofrange = 5.5g) 

Food Ingestion Rate ffirooJ 0.00795 -Mean- adults both sexes -Ohio laboratory 

(kg wet weight/day) 0.62 g/g- day= 0.01 kg/d =Mean- adults both sexes -Ohio lab 

Water Ingestion Rate JRwater Can be estimated based on the following equation: 

(L/day) IRwater =0.099*BW0
.
90 

Soil Ingestion Rate m,oil Ingestion of soil Osoil) as percentage of food intake (kg soil d1y 
(kg d1y weight/day) weight/kg food Lhy weight) is reported at 13%. Value reported for 

short-tail shrew. 

Dietary Composition df The masked shrew is primarily feeds on insects with beetles, flies, and 
(fraction wet volwne) ants comprising most of their diet. They also consume small 

ve11ebrates, such as salamanders, and some vegetation. 

Home Range Size HR. 0.39- Mean- both sexes- Manitoba bog 

(ha) 
Seasonal Use 

a uses values established for the sh011-tailed shrew 

Exposure Factors.xls: Masked Shrew 
2/7/2002 

References 
Zeveloff, 1988 

Whitaker, 1980 
Burt& 

Grossenheider, 
1976 

USEPA, El93 • 

USEPA, 1993 • 

Talmage & 
Walton, 1993 

Zeveloff, 1988 

USEPA, 1993• 

Values Identified for ERA 

Mean of reported means: 
0.0053 

Mean of mean values: 

0.0090 

Reported mean selected: 

0.00089 

'''\ 

~AFT 

IRsoil = ffirood*0.32*I,0 ;J. Where 0.32 (kg food chy 
weight /kg food wet weight) =wet weight to d1y 
weight conversion factor for food assuming 32% 
d1y matter in food: 

0.00037 

Fraction soil invertebrates = dsoilinverts = 0.32 

Fraction ten inve11ebrates = df.ernnverts = 0.53 

Fraction plants = dfplant = 0.15 

32% solids in diet based on weighted average. 

0.39 
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l'arameter Symbol 
Habitat 

BodyWcigbt BW 
(kg wet weight) 

Food Ingestion Rate IRrood 
(kg wet weight/day) 

\\'atcr Ingestion Rate IRweter 

(L/day) 

Soillnge1tion Rate IR,o,t 
(kg dty weight/day) 

Dieta1·y Composition df 
(fraction wet volume) 

Home Runge Size HR 
(hal 

Seasonal Usc 

Exposure Factors.xls: Deer Mouse 
2/7/2002 

Deer Mouse 
Peromyscus maniculatus 

Reported Values 
Deer mice inhabit al types of d1y-land type habiUJts including shon-grass prai1ies, 
grass-sage-communities, coastal sage scm b. saud dunes, wet prai1ies, upland mixed 
and cedar forests, and deciduous forests. 

0.011 - Me1111- adult males- Nmth Ametica 
0.010- Mean- adult females- Ncnth Ametica 
0.0157- Mean- adult males 
0.0148- Mean- adult females 
O.On3 -Mean- adult males 
0.0111 -Mean- adult females 
0.0196- Mean- both sexes- New Hampshire 
0.19 g/g-day(wet weight)- Mean -adult females- Canada 

0.18 g/g-day (wet weight)- Mean -adult females- Canada 

0.45 g/g-day- Mean- lactating females- Canada 

0.38 g/g-day- Mean -lactating temales- Canada 

0.19 g/g-day- Mean- non breeding females- Virginia lab 

0.22 g/g-day- Mean- nonbreeding males- Virginia lab 

0.19 g/g-day- Mean -adults- 111inois lab 

Can be estimated based on the following equation: 

IRwater =0.099*Bvf'·90 

Ingestion of soil (!,oil) as percentage of food intake (kg soil dty weight/kg food dty 
weight) is not available for the deer mouse. Beyer repotts <2% for the white-footed 
mouse. l t is assumed that the deer mouse is similar due to a similar diet. 100;1 is 
assumed to equal 0.02 or 2% of food intake. 

Deer mice are omnivorous and oppottunistic. They eat primmily seeds, atthropods, 
some green vegetation , roots, fi11its and fungi. 

In Colorado shon grass praitie the repotted diet contains: 43% seeds, 5.4% forbs, 
3.6% grasses and sedges, 2.!% shtUbs, 13% beetles, 4.9% leafhoppers, 9.4% 
lepidopterans, and 2.0% spiders. 

The home range of female deer mice encompass both their foraging areas and their 

0.039 - Mean for adult males in summer in Utah subalpine meadow 
0.027 -Mean for adult lemales in summer in Utah subalpine meadow 
0.10 - Mean for adult males in Oregon ponderosa pines 
0.075- Mean for adult females in Oregon pouderosa pines 
0.128 - Mean for adult males in Idaho deset1 
0.094- Mean for adult lemales in Idaho desen 
Torpor repmted iu winter iu nmthem patts of range. 

~AFT 

Refe1·euces Values Identified fm· ERA 
USEPA, 1993 

USEPA, 1993 Mean of repot1ed mt:ans: 

0.019 

USEPA, 1993 Mean of reponed mean values (0.268 g/g-day) for 
free-living adults is used convet1iug to kg/day 
based on a BW of0.019 kg: 

0.005 

USEPA, 1993 Estimated based on equation: 

0.0028 

Beyer, 1994 IR,oil- IRrood*0.55*1,0 il Where 0.55 (kg food dty 
weight /kg food wet weight) = wet weight to dry 
weight conversion factor for food assuming 55% 
dry maner in food: 

0.00006 

USEPA, 1993 

Fraction plants= dfplaot = 1.0 

USEPA, 1993 Mean of means for females: 
0.065 

USEPA, 1993 
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Parameter S_)'lllbol 
Habitat 

Body Weight BW 
(kg wet weight) 

Food Ingestion Hate IRro,,J 

(kg wet weight/day) 

Water Ingestion Rate lRwah:r 

(Liday) 

Sediment or Soil ~~l:'d.imeut 
Ingestion Rate 
(kg lhy weight/day) 

Dietary Composition df 

( Ji"acti(lll wet vohune) 

Home Range Size HR 
(ha) 

Seasonal Usc 

Exposure Factors.xls: Mink 
21712002 

Mink 
Mustela vison 

Reported Values 
Mink are associated with aquatic habitats including 1ivers, streams, lakes, 
ditches, swamps, marshes and backwater areas. They prefer irregular shorelines 
and bmshy or wooded cover adjacent to the water. 

1.04 - Mean - adult male - summer- Montana 
1.233 - Mean -adult male - titll -Montana 
0.550 - 1\ilean - aduh female- swnmer- Montana 
0.586- Mean- adult female- tall- Montana 
0. 777 - Mean -juvenile male - summer- Montana 

0.533 -Mean- juvenile female- swnmer- Montana 
0.13 g/g-day- Mean- captive males~ 0.15 kg/day (using 1.14 kg BW) 

0.12 gig-day- Mean- farm raised males= 0.14 kg/day 
0.16 g/g-day- Mean- !ann raised females~ 0.089 kg/day (0.556 BW) 

0.028 g/g-day ~ 0.022 L/day- Mean for fann raised mink. 

Ingestion of sediment Osodl or soil (1,0 tJ) as percentage of fL)Od intake (kg dty 

weight/kg food dty weight) is not available. Asswnedto he equal to 1%. 

Mink are oppm1unistic feeders taking whatever prey is abundant. In many parts 
of its range mammals are the most important prey but mink hunt aquatic prey as 
well depending on the season. 

In mink intestines collected tiom the Clark Fork River percent freqency of 
occmTence in samples for food items: 61.5% fish; 19.2% mammals and 26.9% 
aquatic inver1ebrates. In mink stomachs the frequency of occtuTence was: 
11.5% fish, and 7.2% manunals. 

Range size and shape depends on habitnt. Shape is linear along streams and 
circular in marshes. 
Montana lrivetine: 

7.8 - Female mink in heavy vegetation 
20.4- Female mink in sparse vegetation 

Mink are noctlmral and active year romrd. 

~FT 

References Values Identified for ERA 
USEPA, 1993 

USEPA, 1993 Mean of means for females: 
0.556 

USEPA, 1993 Mean of means for females: 

0.089 

USEPA, 1993 Rep011ed mean selected: 

0.0584 

IR.ed (or Il~oil) ~ 1Rrooct*0.25*Ise<L'soil where 0.25 (kg 

li.x>d dty weight /kg tood wet weight) =wet weight 
to dty weight conversion factor for food assuming 
25% dty matter in food: 

0.0002 

USEPA, 1993 

Fraction fish= dlfi,h = 0.75 

Fraction aquatic invenebrates = dfaquiuvert• = 0.25 

RCG, Hagler 
Bailly, 1995 

USEPA, 1993 Mean of reported values: 
14.1 

USEPA, 1993 
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Parameter Symbol 
Ilahit:1t 

Body Weight BW 
(kg wet weight) 

Food Ingestion Rate IRrood 
(kg wet weight/day) 

Water Ingestion Rate IR,..,., 

(!Jday) 

Soil Inge1tion Rate JR.oil 
(kg dry weight/day) 

Dietary Composition df 
( ti·action wet volume) 

Home Range Size HR 
(ha) 

Sensonalllsc 

Exposure Factors.xls: American Robin 
2/7/2002 

American Robin 
Turdus migratorius 

Reported Value~ 
Breeds in moist forests, swamps, opeu woodlauds, orchards, parks, and 
lawns. Forages on ground in open areas aloug habitat edges of streams. 

0.0773 -Mean- adults- Penusylvanin 
0.0862- Mean- adult male nonbreeders- New York 
0.0836- Mean- adult female uonhreeders- New York 
0.0774- Mean- adult female breeders -New York 

0.0806- Mean- adult male breeders- New York 
0.063 5 to 0.103 - Rauge breediug adults- PA (median=0.0833) 
0.89 g/g-day (wet weight)- Mean- breediug fl·ee living male and females-
Califomin = (l.0698 kg/day (BW = 0.0823 kg) 

1.52 g/g::day (wet weight) - Mean - free living adults- Kausas = 0.12 kg/day 
(BW = 0.055 kg) 

Specific values for the robin are unavailable. 

Estimated based ou following equation: 

IRvotcc =0.059*BW0
.
67 

Specific soil ingestion values are not available for the robin. If soil ingestion 
is assumed to he propor1ional to the fractiou of em1hwonns (soil 
inve11ehmtes) in the diet then the reported soil ingestion for the American 
woodcock can he used as a basis for deriving a value for the robin. 

Westem United States: 
Spring: th1it 17%; invenebrates 83% 
Summer: !htit 29%; invenebrates 71% 
Fall: !hrit 63%; iuvenebrates 37% 
Winter: fmit 70%; inve11ebrates 30% 

Foraging home range !i-om nests in sununer: 
0.15 - Meau- adults with nestlings 
0.81 - Mean - adults with t1edglings 

Migratmy inno11hem po11ion ofrange. Leave breeding grounds from 
September to November renrming ti·01n Febmmy to April. 

Refe1·ences ValneH Identified for ERA 
USEPA, 1993 and 
Sample & Suter, 

1994 

USEPA, 1993 !VIeau of rep011ed means for breeding adults: 

0.0814 

USEPA, 1993 Mean of two repor1ed values: 

0.078 

USEPA, 1993 Estimated from equation: 

0.011 

Beyer, 1994; If the diet of the woodcock is 99% eanhwonns 
Smnple & Suter, and I 0.4% of their diet is soil then a robin 

1994 cousumiug 77% earthwonns will consume 8 .I% 
soil. 1,0 ,1 = 0.081 

IR.cd = IRrood*O.:Z*I,.d Where 0.2 (kg food dry 
weight /kg food wet weight) =wet weight to dry 
weight conversion factor for food assuming 20% 
dry matter in food: 

0.0012 
USEPA, 1993 Diet reported for breeding season used (spring & 

summer). Reponed fractious for seasons are 
averaged: 
Plants = dfplonts = 0.3 
Soil invertebrates = df,odmve.u = 0. 7 

USEPA, 1993 Meau of mean values: 

0.48 
USEPA, 1993 
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Greater-Sage Grouse 
Centrocercus urophasianus 

Parameter Symbol Reported Values 
Habitat Sagebmsh plains, foothills, and motmtain valleys 

Body Weight BW Males-25-30 inches in length and up to 7 potmds- N. America 
(kg wet weight) females-average 20 inches and less than 3 potmds- N. Amelica 

Food Ingestion Rate IRrood Specific values for the grouse are tmavailable. 

(kg wet weight/day) Estimated based on following equation: 

IRrood (kg dw/day) = 0.0582*BW (kg \V\v)0
·
651 

Water Ingestion Rllte IRwat<r Species specific values are not available. 

(L/day) Estimated based on following equation: 

IRwat<r =0.059*BW·
67 

Soil Ingestion Rate IR.,o!l Ingestion of soil Oso;Jl as percentage of food intake (kg soil d1y 
(kg d1y weight/day) weight/kg food d1y weight) is not available. Assmned to be equal 

10 2%. 

Dietary Composition df Sage grouse eat primarily plants and !lowers. TI1ey eat sagebmsh 

(li·action wet vohune) leaves in the winter and clovers, dandelions, grasses, and other 
plants in the smnmer. Juveniles occasionally eat seeds and insects 
in the summer. 

Home Range Size HR as much as 800 square miles 

Seasonal Usc The Greater-Sage Gruuse is a pennanent resident of Oregon, 
Washington, Idaho, Nevada, Utah, Colorado, Wyoming, Montana, 
Calitomia, Nmth and South Dakota. The males anive at "stnming 
grotmds" dming March and Aplil. Females anive here in early 

• 0 • • 

Exposure Factors.xls: Greater-Sage Grouse 
21712002 

~AFT 

References Values Identified for ElL<\ 
Utah Division of 

Wildlife 
Resources 

http://www.utahc 

Utah Division of 
Wildlife Average of male and female: 

Resomces 2.3 
http:/ !wv.'W. utahc 
dc.usu.edu/rsgis2/ 
Search/Display .as 

USEPA, 1993 Rep011ed mean value for free-living adults is used: 

0.100 

USEPA, 1993 Estimated li·om equation: 

1.031 

Assmnption JR.,,,;!= 1Rrood*0.33 *1,0 ;! Where 0.33 (kg tood d1y 
weight /kg food wet weight) =wet weight to d1y 
weight conversion factor l'l•r food assmning 33% 
d1y matter in food: 

0.0007 
Utah Division of 

Wi!Ltlite Fraction plants = dt~lants = 1.0 
Resomces 

lmp://www.utahc 

http://cascadia.ti 

Utah Division of 
Wildlife 

Resom·ces 
http :1 /www. utahc 
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American Kestrel 
Falco spmverius 

l'arameter Symbol Reported Values 
Habitat Open dese11s, semi-open areas, edges of groves and urban areas 

Body Weight DW 0.115 -Mean - females - fall - California 
(kg wet weight) 0.103 -Mean -males - fall - Califomia 

0.124- Mean- laying females - TJtah 
0.127 -Mean - females - fall -Utah 
0.108- Mean- incubating males- Utah 
0.111 -Mean- males - fall- Utah 

Food Ingestion Rate ffirooJ 0.29 gig -day (wet weight) - Mean - free-living adults- winter-

(kg wet weight/day) Cali romia 

0.31 g/g-day (wet weight) - seminatural enclosed adults -Ohio 

Water Ingestion Rate ffiwater Species specific values are not available. 

(L!day) Estimated based on following equation: 

ffiwat<J =0.059*BW0
'
67 

Soil Ingestion Rate TR,oil Ingestion of soil Osoil) as percentage of food intake (kg soil dry 
(kg dry weight/day) weight/kg fool\ dry weight) is not available. Assumed to be equal 

to 1%. 

Dietary Composition df Kestrels prey on a variety of small animals including 

(!!'action wet volume) invertebrates(wonns, spiders, scorpions, beetles), amphibians, 
reptiles and small to medium-sized birds and mammals. 

Repm1ed diet in Califomia open areas: Inve11ebrates: 32.6%, 
mammals: 31.7%, birds: 30.3%, reptiles: 1.9 <!-),,and other 3.5%. 

Home Range Size ~IR 202 - Mean - adults - summer - Wyoming 
(ha) 131- Mean- adults -summer- Michigan 

21 t0 500 - Range for summer 
9. 7 tu 42 - Range for winter 

Seasonal Usc TI1e American Kestrel is a year-round resident over most of the 
United States; but is migrat01y in the n0rthern-most po11ion of its 
range. In Utah the American Kestrel migrates in early September 
to early November and in Wyoming it returns in mid-April. 

Exposure Factors.xls: American Kestrel 
2/7/2002 

.;:) 
DRAFT 

References Values Identified for ERA 
USEPA, 1993 

USEPA, !993 Mean of reported means: 

0.115 

USEPA, 1993 Repm1ed mean value for free-living adults is used: 

0.033 

USEPA, 1993 Estimated fi·om equation: 

0.014 

Assumption TR,oil "'IRrood*0.33*I,oil Where 0.33 (kg food dry 

weight /kg food wet weight) =wet weight to d1y 
weight conversion factor for food assuming 33% 
d1y matter in food: 

0.0001 
USEPA, 1993 

Fraction ten·. invertebrates"' dftcninwrts = 0.33 

Fraction small mammals= dfmanm1a1s = 0.67 

33% s0lids in diet based on weighted average. 

USEPA, 1993 Mean of repm1ed means f01' summer: 
167 

USEPA, 1993 
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Parameter 
Ilahitat 

Body Weight 
(kg wet weigh!) 

Food Ingestion Rate 
(kg wet weight/day) 

Watet· Ingestion Rate 

(Uday) 

Sediment Ingestion 
Hate 
(kg thy weight/day) 

Dieta1·y Composition 
(li·action wet volume) 

Home Range Size 

Ow) 

Sensonnl Usc 

Exposure Factors.xls: Mallard Duck 
21712002 

Symbol 

BW 

~~ood 

Il<w.,.,. 

IR.,J 

df 

IIR 

Mallard Duel• 
Anas platyrhynchos 

Reported Values 
Natural botlomland wetlands and rivers, rese1voirs, and 
ponds in winter. Dense grassy vegetation with !J.eight of at 
least one-hall meter, usually within a few kilometers of 

- water, for nesting 

1.225 - Mean - adult male 
1.043 - Mean - adult female 
1.043 to 1.814 - Range 
Species spe~.:ific values are not available. 
Can he estimated based on following equation: 

ll~ood=(0.0582*BW 651 ) I 0.2 
Where: 0.2 =dry weight to wet weight conversion t~1ctor 
assuming 20% d1y matter in diet. 
Values not repmted. 

Estimated based on following equation: 

ll<w"" =0.059*BW.
67 

Ingestion of sediment (l,.d) as percentage of food intake (kg 
sediment thy weight/kg food d1y weight) repo1ted at 3.3%. 

South central No11h Dakota/prairie potholes. 
Spring breeding season: 

Invenebrates 74.7%; plant material 25.3% 
Louisiana coastal marsh in winter 

Snails 1.05%; plant material 92.2% and other 6.8% 

468 - Mean - adult female - No1th Dakota 
Ill - Mean - laying female - N01th Dakota 
540 - Meru1 - adult female- Minnesota 

620 - Mean - adult male Minuesotn 
40 to 1,440- Rnnge 
Migrato1y inno11hem po1tiou ofmnge. Leave hreediug 
grounds by November retuming ti·ommid-March to mid-
May. 

~AFT 

References Value• Identified for ERA 
USEPA, 1993 

USEPA, 1993 1.13 

USEPA, 1993 Estimated from equation: 

0.32 

USEPA, 1993 Estimated from equation: 

0.064 

Beyer, 1994 IR,.,d = 1Rroo/0.145*I,.d Where 0.145 (kg food 
dry weight /kg food wet weight) =wet weight 
to d1y weight conversion factor for food 
assuming 14.5% lhy matter in food: 

0.0015 

USEPA, 1993 Diet reponed for breeding season used 
because this is when exposures for mallards 
would occur at the CFR OU. 

USEPA, 1993 Aquatic vegetation~ dfaveg = 0.25 

Aquatic invertebrates = dl~quiuv~u ~ 0. 7 5 

14.5% solids in diet based on weig!J.ted 
average. 

USEPA, 1993 Mean of repo1ted mean values for adult 
females: 

435 

USEPA, 1993 
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Parameter Symbol 
Ilahitat 

Body Weight BW 
(kg wet weight) 

Food Ingestion Hate IRrood 

(kg wet weight/day) 

W..tcr Ingestion Uatc JR..velel 
(Uday) 

Sediment Ingestion Rate IR.,,d 
(kg Lhy weight/day) 

Dietary Compo1ition df 
(ti"action wet volume) 

Home Uungc Size HR 

Foraging Distance 
(km) 

Seasonal Usc 

Exposure Factors.xls: Belted Kingfisher 
217/2002 

Belted Kingfisher· 
Cel}'le alcvon 

ReJlorted Values 
Forages on ground in open areas along habitat edges of streams, rivers 
ponds and lakes where fisil concentrations are greatest. Nests in 
bunows that are devoid of vegetation. 
0.148- Mean- adults- Pennsylvania 
0.136- Mean- adults- Pennsylvania 
0.158- Mean- adults- Ohio 
0.5 g/g-day- Mean- adults- northcentral lower Michigan 

Specific values not available. 

Estimated based on following equation: 

IR,01.,. ~0.059*BW067 

Ingestion of sediment (1 .. 0) or soil Owul as percentage of food intake 
(kg d1y weight/kg food lhy weight) is not available. Assumed to be 
equal to 1%. 

Michigan/trout streams: 
Game fish: 43% 

Forage fish: 15% 

Unidentified fish: 1% 
Invertebrates: 41% 

Dnring the spring and early summer the breeding pairs defend both the 
tenitmy including both their nest site and their foraging area. By 
autumn each bird defends an individual feeding tenitmy only. 
Breeding tenitories can be more than twice as long as the feeding 
teiTitmy. Foraging tenitmy is inversely related to prey a bun dance. 

Foraging distance in early stunmer (breeding pairs): 
2.19 - Mean - Pennsylvania 
1.03 - Mean - Ohio/streams 
1.03 - Mean - southwest Ohio/stremns 
Migratory innorthem portion of range. Leave breeding grounds from 
October to December retuming from Febmmy to April. 

~FT 

Refe1·euces Values Identified for ERA 
USEPA, 1993 

USEPA, 1993 Mean of repo11ed means: 
0.147 

USEPA, 1993 Mean value: 

0.07 

USEPA, 1993 Estimated fl-om elJilHtion: 

0.01/i 

AsSUllljltion IR,..d (or IR,.0 ;1) ~ 1Rfood*0.27*I,.d!soil Where 
0.27 (kg food d1y weight /kg food wet weight) 
= wet weight to dry weight conversion factor for 
food assuming 27% d1y matter in food: 

0.0002 
USEPA, 1993 

Fraction fish = df6,h =0.59 

Fraction aquatic iuvel1ebrates = dt~'l"'"""" = 0.41 

USEPA, 1993 

No Info 

USEPA, 1993 Mean of means for breeding pairs: 

1.42 

USEPA, 1993 
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APPENDIX C 

Estimation of Terrestrial Plant Tissue Concentrations from Site Soil and Tailings Data 

Screening Ecological Risk Assessment for the Richardson Rat Tailings Site 

VCL95 

Location core Detect 
Min Max 

Freq 
Geomean Mean Stdev Norm LogNorm EI'C 

Arsenic IIIII 6.70 14.00 8.52 8.77 2.35 10.05 10.14 10.14 

Barium 3/3 213.00 265.00 234.00 235.00 26.91 280.36 292.98 265.00 

Cadmium !13 0.25 1.00 0.40 0.50 043 1.23 200.13 1.00 

Chromium 3/3 20.00 23.00 21.63 21.67 !.53 24.24 24.92 23.00 

Background Soils 
Copper 3/3 15.00 29.00 19.09 20.00 7.81 33.17 78.00 29.00 

Lead I Ill I 22.00 98.00 36.74 41.91 25.65 55.91 58.67 58.67 

Mercury 113 0.05 0.15 0.07 0.08 0.06 0.18 2.92 0.15 

Selenium 013 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Silver 013 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Zinc 3/3 90.00 127.00 103.14 104.33 19.86 137.81 160.68 127.00 

Arsenic 69/69 6.00 316.00 13.51 29.93 62.54 42.50 28.24 42.50 

Barium 141!4 188.00 413.00 274.29 285 07 84.09 324.85 331.38 331.38 

Cadmium !1/14 0.25 43.00 1.25 4.98 11.67 10.50 15.30 15.30 

Chromium !41!4 20.00 31.00 22.36 22.57 3.46 24.21 24.12 24.21 

Off-Impoundment Copper !4/14 20.00 112.00 33.35 37.79 24.43 49.34 48.74 49.34 
Soils Lead 69/69 17.00 6265.00 90.87 523.46 1405.41 806.01 496.03 806.01 

Mercury 4/14 0.05 3.20 0.10 0.49 1.10 1.02 1.32 1.32 

Selenium 0/14 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Silver 0/14 2.50 2.50 2.50 2.50 000 2.50 2.50 2.50 

Zinc 14/14 65.00 1800.00 183.83 319.64 478.99 546.23 550.85 550.85 

Aluminum II !II 17600.00 26100.00 21834.07 22009.09 2890.83 23586.72 23738.97 23738.97 

Anlimony !Ill 2.50 10.00 2.84 3.18 2.26 4.42 4.04 4.42 

Arsenic 52/58 2.50 121.00 11.27 18.80 23.81 24.05 23.78 2405 

Barium 13113 175.00 365.00 236.31 243.23 64.35 275.00 277.01 277.01 

Cadmium 9/24 0.25 6.00 0.55 !.II 1.56 1.66 2.03 2.03 
On-Impoundment Chromium 24/24 16.00 39.00 22.21 22.63 4.83 24.31 24.25 24.31 

Soils Copper 24124 13.00 99.00 29.02 33.92 23.08 41.97 41.52 41.97 

Lead 58158 13.00 3239.00 72.21 283.29 600.09 415.67 428.97 42&.97 

Mercury 7/24 0.05 !.50 0.09 0.20 0.34 0.32 030 0.32 

Selenium 0/24 2.50 2.50 2.50 2.50 000 2.50 2.50 2.50 

Silver 0/24 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Zinc 24/24 47.00 1010.00 131.32 212.50 261.61 303.81 314.05 314.05 

Aluminum 40/40 813.00 32700.00 4071.60 7541.35 9038.98 9970.97 11034.40 11034.40 

Antimony 33/40 2.50 505.00 57.88 130.15 121.20 162.72 626.21 505.00 

Arsenic 49/49 6.60 637.00 147.60 236.98 149.14 272.78 595.62 595.62 

Cadmium 43/46 0.25 250.00 2234 46.42 46.82 58.02 212.38 212.38 

Chromium 39/40 2.50 111.00 18.16 22.66 19.33 27.86 28.03 28.03 
Site Tailings Copper 48/48 20.00 1323.00 243.01 377.00 321.34 454.92 643.91 643.91 

Lead 46/46 19.00 31600.00 2154.97 5468.63 6153.05 6992.76 44489.30 31600.00 

Mercury 40/45 0.05 85.00 1.59 5.51 13.15 8.81 17.06 17.06 

Selenium 26140 0.98 24.00 6.34 8.52 5.97 10.13 12.08 12 08 

Silver 38/46 2.50 120.00 19.31 31.17 28.20 38.15 56.45 56.45 
Zinc 47/47 97.00 33800.00 4046.74 7438.11 6630.33 9062.89 22053.08 22053.08 

BAF Paramete1s flam BJC, 1998. Empn1cal Models for the Uptake of Inorganic Chemicals from Sod by Plants. BJC-OR-133. US Dept. of Energy 

EPC is equal to the estimated plant concentration based on the minimum of the 95UC'L and the maximum in soil. 

Plant tissue concentralions were estimated using the equation: In( cone in plant dw)=B0+81(ln[conc in soil dw]) 

Dry weight concentrations were converted to wet weight using a conversion factor (CI') of0.53 [DOl, 1998]. "w ~ dw * CF 

Plan! Tissue Cone Est rev.xls: EPCslats 
21712002 

.... 

~RAFT 

RAF Parameters Plant Cone Plant Cone 

B" Rl 
(mgil<gdw) (mg/kg ww) 

-1.992 0.564 0.50 0.27 
na na na na 

-0.476 0.546 0.62 0.33 
na na na na 

0.669 0.394 7.36 3.90 

-1.328 0.561 2.60 1.38 
-0.996 0.544 0.13 0.07 
-0.678 1.104 1.40 0.74 

na na na na 

1.575 0.555 71.06 37.66 

-1.992 0.564 \.13 0.60 
na na na na 

-0.476 0.546 2.75 1.46 

na na na na 

0.669 0.394 9.07 4.81 
-1.328 0.561 11.32 6.00 
-0.996 0.544 0.43 0.23 

-0.678 1.104 1.40 0.74 

na na na na 
1.575 0.555 160.43 85.03 

na na na na 
na na IHi na 

-1.992 0.564 0.82 0.43 

na na na na 
-0.476 0.546 0.92 0.48 

na na na na 

0.669 0.394 8.51 4.51 
-1.328 0.561 7.94 4.21 

-0.996 0.544 0.20 0.11 

-0.678 1.104 1.40 0.74 
na na na na 

1.575 0.555 117.45 62.25 

lli:l na na na 

na na na na 
-1.992 0.564 5 OJ 2.66 

-0.476 0.546 11.58 6.14 
na na na na 

0.669 0.394 24.96 13.23 
-1.328 0.561 88.63 46.97 

-0.996 0.544 1.73 0.92 

-0.678 1.104 7.94 4.21 
na na na na 

1.575 0.555 1243.48 659.05 



APPENOJX C 
Estimation of Earthworm Tissue Concentrations from Site Soil and Tailings Oata 

Screeuiug Ecological Risk Assessment for the Richardsou Flat Tailiugs Site 

VCL9S 

nctect 
Location COI'C 

freq 
!\lin Max Geomean Mean Stdcv Norm LogNorm EPC 

Arsenic IIIII 6.70 14.00 8.52 8.77 2.35 10.05 10.14 10.14 

Bal'ium 3/3 213.00 265.00 234.00 235.00 26.91 280.36 292.98 265.00 

Cadmium 113 0.25 1.00 0.40 0.50 0.43 1.23 200.13 1.00 

Chromium 3/3 20.00 23.00 21.63 21.67 1.53 24.24 24.92 13.00 

Background Soils 
Cnppcr 3/3 15.00 29.00 19.09 20.00 7.81 33.17 78.00 29.00 

Lead IIIII 22.00 98.00 36.74 41.91 25.65 55.91 58.67 58.67 

Mercury 113 0.05 0.15 0.07 0.08 0.06 0.18 2.92 0.15 

Selenium 0/3 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Silver 013 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Zinc 3/3 90.00 127.00 I 03.14 104.33 19.86 137.81 160.68 127.00 

Arsenic 69/69 6.00 316.00 13.51 29.93 62.54 42.50 28.24 42.50 

Ba.-ium 14/14 188.00 413.00 274.29 285.07 84 09 324.85 331.38 331.38 
Cadmium 11/14 0.25 43.00 1.25 4.98 11.67 10.50 15.30 15.30 

Chromium 14/14 20.00 31.00 22.36 22.57 3.46 24.21 24.12 24.21 one 
Copper 14/14 20.00 112.00 33.35 37.79 24.43 49.34 48.74 49.34 

Impoundment 
Sui!> Lead 69169 17.00 6265.00 90.87 523.46 qQ5.41 806.01 496.03 806.01 

Mercury 4/14 0.05 3.20 0.10 0.49 1.10 1.02 1.32 1.32 

Selenium 0114 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Silver 0/14 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 

Zinc 14/14 65.00 1800.00 183.83 319.64 478.99 546.23 550.85 550.85 

Aluminum lilT! 17600.00 26100.00 21834.07 22009.09 2890.83 23586.72 23738.97 23738.97 
Antimony !ill 2.50 !0.00 2.84 3.18 2.26 4.42 4.04 4.42 

Arsenic 52/58 2.50 121.00 11.27 18.80 23.81 24.05 23.78 24.05 

Barium 13113 175.00 365.00 236.31 243.23 6435 275.00 277.01 277.0 I 

On-
Cadmium 9/24 0.25 6.00 0.55 I.! I !.56 1.66 2.03 2.03 

Chromium 24/24 16.00 39.00 22.21 22.63 4.83 24.31 24.25 24.31 
Impoundment 

Copper 24/H 13.00 99.00 29.02 33.92 23.08 41.97 41.52 41.97 Soils 
Lead 58/58 13.00 3239.00 72.21 283.29 600.09 415.67 428.97 428.97 

Mercury 7/24 0.05 I .50 0.09 0.20 0.34 0.32 0.30 0.32 

Selenium 0124 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 
Silver 0/24 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 
Zinc 24/24 47.00 1010.00 131.32 212.50 261.61 303.81 314.05 314.05 

Aluminum 40140 813.00 32700.00 4071.60 7541.35 9038.98 9970.97 11034.40 11034.40 
Antimony 33/40 2.50 505.00 57.88 130.15 121.20 162.72 621i.21 505.00 

Arsenic 49/49 6.60 637.00 147.60 236.98 149.14 272.78 595.62 595.62 
Cadmium 43/46 0.25 250.00 22.34 46.42 46.82 58.02 212.38 212.38 
Chromium 39/40 2.50 II 1.00 18.16 22.66 19.33 27.86 28.03 28.03 

Site Tailings Copper 48/48 20.00 1323.00 243.01 377.00 321.34 454.92 643.91 643.91 
Lead 46/46 19.00 3!600.00 2154.97 5468.63 6153.05 6992.76 44489.30 31600.00 

Mercury 40/45 0.05 85.00 1.59 5.51 13.15 8.81 17.06 17.06 
Selenium 26/40 0.98 24.00 6.34 8.52 5.97 10.13 12.08 12.08 

Si!Hr 38/46 2.50 120.00 19.31 31.17 28.20 38.15 56.45 56.45 
Zinc 47/47 97.00 33800.00 4046.74 7438.11 6630.33 9062.89 22053.08 22053.08 

BAF PammeteiS from ERP, 1998. Development and ValidatiOn of Bwaccumulutlon Models for Earthworms. ES/ER/Tl\1-220, US Dept of Energy 

EPC 1~ equal to the estimated earthwonn concentration based on the minimum of the 95UCL and the maximum in soil. 

Earthwonn tissue concentrations were estimated using the equation: In( cone in earthwonn dw)..:::.80+B 1(ln{conc in soil dw]) 
Dry weight concentrations were convetied to Wt!t weight using a conversion factor (CF) ofO 84 rEP A, 199J). ww = dw * CF 

Earthworm Tissue Cone Est.xls: EPCstats 
21712002 

'" I 
~RAFT 

BAF P.arameters Earthworm Earthworm 
Cone (mg/kg Cone (mg/kg 

B, B, dw) ww) 

-1.421 0.706 1.24 1.04 
na 11a na na 

2.114 0.795 8.28 6.96 
0 0 1.00 0.84 

1.675 0.264 12.99 10.91 
-0.218 0.807 21.50 18.06 
0 0781 0.3369 0.57 0.48 
-0.075 0.733 1.82 1.53 

na na 11a na 
4.449 0.328 419 01 351.97 

-1.421 0.706 3.41 2.86 
na na IHI na 

2.114 0.795 72.43 60.84 

0 0 1.00 0.84 

1.675 0.264 14.94 12.55 
-0.218 0.807 178.13 149.63 
0.0781 0.3369 1.19 1.00 
-0.075 0.733 1.82 1.53 

na na 11a 11a 
4.449 0.328 678.01 569.53 

na na IH:I na 
na na na na 

-1.421 0.706 2.28 1.92 
na na na na 

2.114 0.795 14.55 12.23 

0 0 1.00 0.84 
1.675 0.264 14.32 12.03 

-0.218 0.807 107.08 89.94 
0.0781 0.3369 0.74 0.62 

-0.075 0.733 1.82 1.53 
na na na na 

4.449 0.328 563.89 473.67 

na na na na 
na na na na 

-1.421 0.706 21.98 18.46 
2.114 0.795 586.35 492.54 

0 0 1.00 0.84 
1.675 0.264 29.44 2{.73 

-0.218 0.807 3440.10 2889.69 

0.0781 0.3369 2.81 2.36 
-0.075 0.733 5.76 4.84 

na na na na 
4.449 0.328 2274.23 1910.35 



AI'PENniX C 
Estimation of Smo1ll J\lammal Tissue Concentrations from Site Soil ami Tailings Data 

Screenit~g Ectt/ogical Ri~·k A.ssessnwmji1r the llichttnlso11 Flm Tailings Site 

!ICL95 

Location CO!'C Detect 
Freq 

I\ lin !\'lax Geomcan Mean Stdev Norm LogNonn EPC 
o, 

Arsenic IIIII 6.70 14.00 8.52 8.77 2.35 10 05 10.14 10.14 -4.8471 
Badum 3/3 213.00 265 00 234.00 235.00 26.91 280.36 292.98 265.00 na 

Cadmium 113 0.25 I 00 0.40 0.50 0.43 1."3 200.13 1.00 0.815 

Chrmniurn 313 20 00 23 00 21.63 21.67 1.53 2-1 2-1 2-1.92 23.00 -1.4599 

Baclq,:r·ouud Soil~ 
Copper 3!3 15 00 29.00 19 09 20.00 1.81 33 17 78.00 29 00 2.1042 

lead II/II 22 00 98 00 36 74 41.91 25.65 55 91 58 67 58.67 0.4819 

1\-lcrcm-v 1/3 0.05 0.15 0 07 0.08 0.06 0.18 2 92 0 15 na 
Selenium 013 2 50 "l 50 2 50 2.50 0.00 2 50 2.50 2.50 -0.4158 

SUvc.r 01) 2.50 2.50 2.50 2.50 0.00 2.50 2.50 2.50 na 
Zinc )/3 90 00 127.00 103.14 104.33 19.86 137 81 160.68 127.00 4.4713 

A.rscnic 69169 6.00 316.00 13.51 29.93 62.54 4'.50 28.2~ 42.50 -4 8471 
Barium 14114 188 00 413.00 27-L:-!9 285.D7 84.09 324.85 331.38 331.38 na 

C;uhnium 11114 0 25 43 00 1.25 4.98 11.67 10.50 15 30 15.30 0.815 

Off-
Chromium 14114 20 00 31.00 2236 22.57 3.46 24.21 24 12 24.21 -1.4599 

lmpouudmcnt 
Copper 14'14 20.00 112.00 33.35 37.79 24.43 49.34 48.74 49.34 2.1042 

.Soils lea~ 69/69 17 00 6265.00 90.87 523.46 1405.41 806.01 496.03 806.01 0.4819 

1\lercun' 4/14 0.0.5 3.20 0.10 0.49 1.10 1.02 I 32 1.32 na 
Sch~ninm 0114 2.50 2.50 2 so 2.50 0.00 2.50 2 50 2.50 -0.4158 

Silver 0/14 2.50 2 50 2 50 2.50 0.00 2.50 2.50 2.50 na 
Zinc 14/14 65 00 1800 00 183.83 ) 19.64 478.99 546.23 550 85 550.85 4.4713 

Aluminum II/II 17600 00 26100.00 , 1834.07 22009 09 2890.83 23586.72 23738 91 23738.91 na 
Anlimonv l/11 2.50 10.00 2.84 ) 18 2 26 4.42 4 04 -1.-12 na 

An;enic 52'58 2.50 121.00 11.27 18 80 23 81 24 05 23.78 24.05 -U471 

Barium 1)113 175.00 365.00 236.3 I 243.23 64.35 275.00 277 01 277.01 na 

On- Cadmium 9t2.:l 0.25 6 00 0 55 I. II 1.56 1.66 2.03 2.03 0.815 

lmJlOundmeul 
Chromium 24124 16 00 39.00 22 21 22.63 4.83 24.31 2-1.25 24.31 -1.4599 

Soih C'oppea- 24 12.4 !) 00 99 00 29 0, 33.92 23.08 41.97 4LS2 41.97 2.104~ 

lea~ 58158 1).00 3239 00 72 21 283.29 600.09 415 67 428.97 428 97 0.4819 

l\1ercn_!)'_ 7124 0.05 1.50 0.09 0.20 0.34 0 32 0.30 0 32 na 
Selenium 0124 2.50 2.50 2.50 2.50 0.00 2 50 2.50 2.50 -0.4158 

Silver 0/24 2.50 2.50 2.50 2.50 0.00 2.50 2 50 2.50 na 
Zinc 24'24 47.00 1010.00 I J 1.32 212.50 261 61 303.81 314 05 314.05 4.4713 

Aluminum 40140 813.00 32700.00 4071.60 7541.35 9038.98 9970.97 11034 40 11034.40 na 
Anlimonv ))/40 2.50 505.00 57.88 130 IS 121.20 162.72 626 21 505.00 na 
A.-scnic 49/49 6.60 637.00 147.60 236.98 149.14 272.78 595.62 595.62 -4 8471 

C'admlum 43146 0.25 250.00 22 34 46 42 46.82 58.02 2l2.38 2\2.38 0.&15 
Chnnnium 39140 2.50 111.00 18.16 22.66 19.33 27.86 28.03 28.03 -1.4599 

SileTailin~:s Copper 48!48 20 00 I 323.00 243.01 377.00 321.34 454.92 643.91 643.91 2.1042 
Lead 46146 19 00 31600.00 2154.97 5468.63 6153.05 6992.76 44489.30 31600.00 0.4819 

1\tc.-cnry 40145 0 05 85.00 1.59 5.51 13.15 8 81 17.06 17.06 na 
Selenium 26140 0.98 24.00 6 )4 8.52 5.97 10 13 12.08 12.08 -0.4158 

Silver 38/46 2.50 120.00 19.31 31.17 28.20 38 15 56 45 56.45 na 
Zinc 47/47 97.00 33800.00 4046.74 7438.11 6630.33 9062.89 22053.08 22053.08 4.4713 

BAF P;:uamete1s fi.onl ERP. 1998. De\elopment and ValtdatJOn ofB10accumulauon f'..lodels f01 Smalll\tammals. ES,ER!rM-219, US Dept ofEne•g) 
EPC i~ equal to the estimated small mammal concentration ba::.ed on the mmimum of the 9SlJCL and the mal'.imum in soil 

Smalllllammallissue concentrations were estimated using the equation: In( cone in small mammals dw)==B0+8 1(1nf cone in soil dw]) 
Dty wt::tght conceut•Jiions we1 e conve11ed to wet weight using a conven,ion lil.ctor (CF) uf 0 68 (EPA, 1993]. ww == dw "' CF 

Mamnlal Ttssue Cone Est rev xis EPCsta\s 
21712002 

Insectivore 

1\ledian Tissue Cone 
R, !IF (m~/kg dw) 0., 

0.8188 na 0.05 -5.6531 

na 0.0168 4.45 na 
0 9638 na 2.26 -1.2571 

0.7338 na 2.32 na 
0 1183 na 14.95 na 
0.4869 na 11.76 -0.6114 

na 0.054) 0.01 na 
0 3764 lli:l 0.9) -0 4158 

na na na na 
0.0738 na 125.06 4.4713 

0.8188 na 0.17 -5.6531 

na 0.0168 5.57 na 
0.9638 na 31.32 -1.2571 

0 7338 na 2.41 na 
0.1783 na 16 43 na 
0.4869 na 4211 -0.6114 

na 0.0543 0.07 na 
0.3764 na 0.93 -0.4158 

n<~ na na na 
0 0738 na 139.36 4.471) 

na na na na 
na na na na 

0.8188 na 0.11 -5.6531 

na 0 0168 4.65 na 
0.9638 na 4.48 -1.2571 

0.7338 na 2.-tl na 
0.!783 na 15 97 1\3 

0.4869 na 30 98 -0 6114 

"' 0.0543 0 02 '" 
0.3764 na 0.93 -0 4158 

na na na na 
0 0738 na 133.70 4.4713 

na na na na 
na na na na 

0.8188 na 1.47 -5.6531 

0.9038 na 395.21 -1.2571 

0.7338 na 2.68 na 
0.1783 na 25.98 na 
0 4869 na 251 30 -0.6114 

na 0.0543 0.93 na 
0.3764 na 1.69 -0.4158 

na na na na 
0.0738 na 182.98 4 4713 

BAF Parameters 
Herbivore 

Median 
o, UF 

1.1382 na 
na 0.0168 

0.4723 na 
na 0.0774 
na 0 0525 

0.5181 na 
na 0.0543 

0.3764 na 
na na 

0.0738 na 
1.1382 na 

na 0.0168 

0.4723 na 
na 0.0774 
na 0.0525 

0.5181 na 
na 0.0543 

0.3764 na 
na na 

0.0738 na 
na na 
na na 

1.1382 '" 
na 0 0168 

0.4723 na 
na 0.0774 

na 0.052\ 

0 5181 na 
na 0.0543 

0.3764 na 
na na 

0.0738 na 
na na 
na na 

1.1382 na 
0.4723 na 

na 0.\1774 
na 0.0525 

0 5181 na 

'" 0.0543 

0.3764 na 
na na 

0.0738 na 

!\lax of !\lou: of 

Onmh·or·e Mammal Mammal 

Tissue Cone Median Tissue Cone 
Trophic Trophic 
Groups Groups 

(m~::,/kgdw} o. o, !IF (mglkcc.Jw) (ml!lk•dw) (malk•wwl 
0.05 -4.5796 0.7354 na 0.06 0.06 0.04 
4.45 na na 0.0168 4.45 4.45 3.03 
0.28 -1.5383 0.566 na 0.21 2.26 1.54 
1.78 -1.4599 0.7338 na 2.32 2.32 1.58 
1.52 1.4592 0.2681 na 10.61 14.95 10.16 
4.47 0.0761 0.4422 na 6.53 11.76 8.00 
0.01 na na 0.0543 0.01 0.01 0.01 

0.93 -0.4158 0.3764 na 0.93 0.93 0.63 
na lla na na na na na 

125.06 4.4713 0.0738 na 125.06 12;.06 85.04 

0.15 -4.5796 0.7354 na 0.16 0.25 0.17 
5.57 na na 0.0168 5 57 5 57 3.79 

I. OJ -1.5383 0.566 na I 01 )I 32 21.29 
1.87 -I 4599 0.7338 na 2.41 2.41 1.64 
2.59 1.4592 0.2681 na 12.24 16.43 11.18 

17.39 0.0761 0.4422 na 20.81 42.11 28.63 
0.07 na na 0.0543 0.07 0.07 0.0.1 
0.93 -0.4158 0.3764 na 0.93 0.93 0 63 

na na na na na na na 
139.36 4.4113 0.0738 na 139.36 139 36 94.77 

na na na na na na na 
na na na na na Jlil na 

0.13 -4.5796 0.7354 na 0 II 0.13 0 09 
4.65 na na 0.0168 4 65 4.65 3.!6 
0.40 -1.5383 0.566 na 0.32 4.48 3.04 
1.88 -1.4599 0.7338 na 2.41 2-11 1.64 
2.20 l.4592 0.2681 na 11.72 l5.97 10.86 
12 54 0.0761 0 4422 na 15.14 30.98 21.06 
0 02 na na 0.0543 0.02 0 02 0.01 

0.93 -0.4158 0.3764 na 0.9) 0.93 0.63 
na na na na na na na 

1)).70 4.4713 0.0738 na 133.70 133.70 90.92 

na na na na na na na 
na na na na na na na 

5.05 -4.5796 0.7354 na 1.13 5.05 )4] 

3.57 -\.53&3 0.566 na 4.46 395.21 268 74 
2.17 -1.4599 0.7338 na 2.68 2.68 1.82 
)).81 1.4592 0.2681 na 24.37 33.81 22.99 
116.35 0.0761 0 4-122 na 105.39 251.30 170.88 
0.93 na na 0.0543 0.93 0.93 0.63 
1.69 -0.4158 0.3764 na 1.69 I 69 115 
na na na na na na na 

182 98 4.4713 0.0738 na 182.98 182.98 124.43 



APPENDIX C 
Estimation of Benthic Invertebrate Tissue Concentrations from Sediment Jlata 

Screening Eco/tlgical Rh.-k As~;essmeut for the Riclwrdso11 Flat Titiliug.-.,· Site 

UCL95 llSAF Benthic Cone 
Detect 90th (mg/kg dw) 

Location COPC 
Freq 

l\1in Ma~ Geom~an Mean Sldev Norm Log Norm EPC Percentile 

Aluminum 616 3181.00 15220.00 8629.76 9998 17 5081.85 14188.98 22888.16 15220.00 I 15220 00 

Antimony 6/6 39.00 889.00 137.80 2~5 83 323.59 512 69 2412.86 889.00 I 889 00 

Arsenic 6/7 33.00 1735 00 219.29 459.14 604.93 902.71 6483.72 1735.00 0.69 1197.15 

Cadmium 7/7 14.00 179.00 42.33 62.29 60.55 106.68 245 02 179.00 41 55 7437.45 

Chromium 717 12.00 42.00 25.02 27.30 11.20 35.52 45.06 42 00 0.468 19.66 
Silver Creek-

Copper 7!7 47.60 2559.00 608.70 966.66 826 84 1572.94 13577.66 2559.00 23.87 61083.33 
upstream 

Lead 717 641 00 42990.00 4998.14 11004.43 14850.40 21893.50 301984.65 42990.00 0.607 26094.93 

Mercury 617 0.10 I 60 0.41 0.57 0.51 0.95 2.24 1.60 2.868 4.59 

Selenium 417 5.00 33.50 15.09 19.07 11.82 27.74 59.57 32.00 I 32.00 

Sih·er 717 3.33 136.00 31.97 51.19 45.44 84.51 612.49 136.00 I 136.00 

Zinc 717 2330.00 44560.00 8257.95 12930.57 14756.16 23750.54 59831.80 44560.00 7.527 335403.12 

Aluminum 414 8943.00 11590 00 I 0383.47 10438.00 1216 75 11867.68 12026.22 11590.00 I 11590.00 

Antimony 414 97.00 140.00 122.74 124.00 19.65 147.09 154.10 140.00 I 140.00 

Arsenic 414 177.00 341.00 271.46 280.25 75.53 369.00 432 66 341.00 0.69 235.29 

Cadmium 4/4 29.00 58.00 42.00 43.50 12.97 58.74 67.71 58.00 41.55 2409.90 

Sih·cr Creek -
Chromium 414 21.00 32.00 26.91 27.25 H6 32.96 34.70 32.00 0.468 14.98 

Copper 4/4 430 00 766.00 584 34 596.50 137.30 757.83 811.65 766.00 23.87 18284 42 
downstream 

11130.00 Lcoul 414 4861 00 11130.00 6878.41 7213.25 2739.70 10442 39 12553.65 0.607 6755.91 

1\Jercury 414 0.11 0.44 0.22 0 25 0.14 0.41 0.77 0.44 2.868 1.26 

Selenium 414 5 00 11.00 8.82 9.25 2.87 12.62 16 99 11.00 I II 00 

Sih·e•· 414 28.00 49.00 37.23 38.00 8.83 48.38 51.56 49.00 I 49.00 

Zinc 414 6780 00 11950.00 8964.73 9314.00 2918.16 12742.84 14737.98 11950.00 7.527 89947.65 

Aluminum 717 4850.00 20600.00 8644.57 9538.57 5188.37 13342.95 15125.44 15125.44 I 15125.44 

.. -\ntimo~)' 717 36.00 97.00 65.32 68.43 21 46 84.17 92.87 92.87 I 92.87 

Arsenic 717 101.00 205.00 129.00 132.71 36.59 159.54 162.87 162.87 0 69 112.38 
CuJmium 7'7 18.00 73.00 40.19 43.29 17.09 55.81 66.18 66.18 41.55 2749 83 

South Diversion 
Chromium 717 16.00 30.00 19.46 19.86 4.71 23.31 23.52 23.52 0.468 11.01 

UHch Co J Jer 7/7 173.00 280.00 230.34 233 29 38.99 261.87 269.63 269.63 23.87 6436 00 

Lead 7/7 1880 00 3490.00 2548.27 2590 00 508.07 2962.54 3041 88 3041.88 0.607 1846.42 

Mereu I)'_ 7/7 0.32 I 60 0.95 1.05 0.44 1.37 1.89 1.60 2.868 4.59 

Selenium 3!7 2.50 8.00 3.69 4 14 2.23 5 78 6.98 6.98 I 6.98 
Silver 717 13.00 25 00 17.74 18 14 4.14 21.18 21.94 21.94 I 21.94 
Zinc 717 2940.00 12000.00 7281.82 7811.43 2744.78 9824.04 12099.50 12000.00 7.527 90324.00 

Aluminum 515 1930 Q(J 28800.00 9659.25 15072.00 12825.66 27289.27 664196.01 28800 00 I 28800.00 

Antimony 515 40.10 99.00 79.85 84.04 25.19 108 04 144.44 99.00 I 99.00 

Aneuic 515 128 00 310.00 195.60 203.60 66.08 266 54 299.77 299.77 0 69 ' 206.84 

Barium 515 92 10 562.00 230.36 275.62 180.96 448 00 10.,1.·W 562.00 I 562 00 
Cadmium 515 40.30 93.10 62.74 65.34 20.37 8475 97.43 93.10 41.55 3868.31 

Chromhun 515 14 90 62.40 29.19 35.16 23.12 57.19 130.42 62.40 0 468 29 20 

Cobalt 515 5 80 20 00 12.56 13.78 6.01 19.50 30.28 20.00 5.25 105.00 

Co >Per 515 183 on 725 00 339 43 396.40 241.64 626 58 1157.22 725.00 23.87 17305.75 
WeLI;uH.Is Area Le;'d 515 2350.00 6520 00 4314.48 4662.00 1886.42 6458.93 9405.13 6520.00 0.607 3957.64 

Manganese 515 2200 00 42000.00 5078.18 I 0938.00 17401.75 27514.29 426571.78 42000.00 I 42000 00 
!\lercur:y 515 1.30 8.20 3.33 4 10 2.86 6.83 16.85 8.20 2.868 23.52 

Nickel 515 13.20 97.20 35.73 44.90 32.97 76.30 233.95 97.20 2.32 225.50 

Selenium 5/5 9.90 43.10 15.33 18.18 14 03 31.54 48.52 43.10 I 4310 

Siln=r 515 8.00 41.30 17.47 20.90 13.79 34.04 75.56 41.30 I 41.30 
Thallium 515 6.60 13.60 8 27 8.58 2.85 11.30 12.16 12.16 I 12.16 

Vanadium 515 9.50 70.60 29.46 38.34 27 95 6H7 289 48 70.60 I 70 60 
Zinc 5.'5 5400.00 15200.00 9903.53 10532.00 3837.33 14187.31 18484.37 15200.00 7.527 114410.40 

RJC, 1998. Btota Sednnent AccumulatiOn Faclm::. f01 Invertebrates. Revtew and Recommendal!ons fm the Oak Ru.lge Re:servauon. BJC-OR-112. US Dept. of Ene1gy. August 1998. 
EPC is equal to the estimated bemhic invertebrate concentration based on the minimum of the 95UCL and the mal(imum 111 sedtment 

Benthic tissue concentrations were estimated using the equation: cone in benthics dw)=BSAF *cone in sediment dw 
Dry weigh! concentrations were conve11ed to wet weight u~ing a conversion factor (CF) of 0.15 (USFWS, 1998] ww = dw * CF 

Benthic Ttssue Cone Est rev.xls: EPCstats 
21712002 
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DERIVATION OF WILDLIFE 
TOXICITY REFERENCE VALUES (TRVs) 



TRY CALCULATION WORKSHEET FOOTNOTES: 

I If no study is available to establish a LOAEL TRY, the LOAEL is set to equal 3 x NOAEL 
2 TRV(food) = TRV(water) I 0.50 

3 Test species uncertainty factor equals 1 since both Old World and New World mice are physiologically similar; 
and laboratory rodents are often more sensitive than wild species due to genetic heterogeneity of natural populations. 

4 TRV(water or capsule)= TRV(food) * 0.50 

5 TRY= Study Dose I UF 

SMF = Study Modifying Factor 
NA =Not Available 
UF = Unce1tainty Factor 

NOAEL =No observed adverse effect level 
LOAEL = Lowest observed adverse effect level 

B W = body weight 
TRY= Toxicity Reference Value 

Wildlife TRVs RFT.xls: Footnotes 
2/7/2002 
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NOAEL & LOAEL TRVs - ALUMINUM 
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NOAEL & LOAEL TRVs - ALUMINUM 
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NOAEL & LQ4EL TRVs - ANTIMONY 
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NOAEL & LOAEL TRVs - AIISENIC 
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l\lallnnl nucli Clunnic: 8 12 pan~ (2-l 4 doses oro, 25, 100, Reproduelion. 
(die!} ~l:uliL-')'CI ;1J., \')')-1 .SoJmm w'Scnal Oral Mo:~llaal weds du.:b)pcrJhl -lOOppm GttiV.'Ih 93 4U] 0.175 \(; 71 "' II' ~.u:-tn 7.1Et\IU 

(Mcau at 100 & 400 • Ca.mardeJeCial, 
I)IL-1 93&4(J]ppmJ l')!JO SMF 

(innlcr-3••~:•· 1\ultlliuhlt.IIH' 
(iruu~ (wut~r} bt~hli:.l1ill~ ~ludl~~ l·muul -I.U:-hl 3 Slt(lll 

J>t:liiL-il<lllii)IUoU)' j[(l/
1 

Grcnlcr-.!•,;o~:~ Chron1c; 8 12 pJir~ 124 4 doses oro. 25, too. Repwductioo, 
<irou,c(did) Sl.mkyL-1 ,!l, ]'I'J4 ~u•Jtum cuscnat o.~ M,illanl Wl:Ci.S ducb)pudict 400 ppm r,l\,\1111 ;1 -103 0175 \6 'I 20 IG II.U:rlll 7.11/.tOU 

(Mean II 100 & 400 • Ca.wa.rdeseCI al, 
]lLL'I 93&-l(J]ppm} IIJ')O ~~II' 

W1ldlof" TRVs RF T.xls Arsen1c 
Pag116o/J.<t 



NOAEL & LOAEL TRVs - BARIIIM 

lh:cr l\lh.1: 
(11UhT) 

Snr.dv 

h:nyctal 1'.181 

No Reliable TRV 
lh·H ~Ji .... (LIIdJ 1·:-hohlhhin~ Sllll(\' 

~tnJkcd Shrc" 
h•al•l') 

Malk~d Sb~w 

(did) 

lhdl'ol(WIICr) 

Dmveli:OIUWilll!llltV 

1\:LLY ..:l .~ )')1\} 

NoRdlabli!Til.V 
J:oto~hli..llill!,!_~lml)· 

11<:nv~: fn.>Lil wah.l TRY 

l' ... ny ... ~ all'JII1 

No Rel111ble TRV 

J·:~J~hlll.hlu~ !o.mtl~ 
lknve frulll Willt'f 11t V 

No ReU•bleTRV 
ltco.l l'nl (tlh:IJ htablio,hinJ:Silio.l~ 

DL'IlVe froll1 w;<~t'f TR V 

Amerlun No Rdl11blc TR\' 
ltnl!ill (>Wolllr) l·:~luloli.hin~ Stntl) 

Amtrinn 
Uuhiultlidt 

CIIISwallow 
(11Uil'l') 

CIIISw•llow 
(l]i\-J) 

D ... 'llve fww t.helaay Titv 

JuhnwnU.o.l I'HIU 

No Reliable TRV 
1-:oluhlio.biuRSiuo.l) 

Dcnvefrow.dJ.(jollylRV 

Amcrk;oll No Rcllnlll~ TU\' 
Kc~trd (II Iller) l~lluhli~lin~,: !ooludy 

AmtriCIIII 
~~:~~tnl tdidJ 

lldlcil 

(wutcr) 

Ucllcd 
Ki111:1i-.h~r 

(dill) 

M•ll•rdDuck 
(1\uil'r) 

M•lbrdDneli: 
(d]~l) 

Ocn\'e !i"l\UI ili"-U'J TitV 

NolhlhoblcTll\' 

I::•!Uhlhhin~o: Sludy 
Derive frow dldary lltV 

No Rtll•blc TRV 
F•f;lhlh;hln~,: Stud)· 

U.nvi! Ji1.1Ul dtaary1RV 

Juhn~tutd .o.l 1%11 

(in.atu-~·mJ.:C Nu lt•ll:tl•l~ 'I U\' 
(;rnn•c (,.llll·rj I:.t~Lll..l!illl-: Shto.l)' 

De~we lim.u diaary TR V 

WtLdltfe TRVs RFT ~~~ El.;~mom 

~171'2002 

SNdy'fnl 
Cbcmlaol RouUl Spade• DnradoD 

ll,uiumdllilmk Oral 
WoilCL 

IJanumdLil\ll!.k Ou,l 
W;r.t..:l 

]l;~nu1L1 JJII•Liilc Onl 
W~L<.:~ 

ll~num dll,·mk 01al 
V..',olCJ 

Ra1 

I() lliOillh~ 

l (I llllllllh~ 

Hal ](J 1\l(lfl!h~ 

Oril Chit:.h.n -lwu:l..~ 

Subchronic 
1J1o..1 l.hllaLinn 

Subd1roruc 
Ui.:t dUI.Ill<>ll 

Oral ('Jud:cll 4woch 

l)tL1 
Subchroni.: 

i.hnallo)ll 

Oral Chu.:J..cn 4 wed.~ 

Subchrowc 
Jur •• tiun 

Oral CJuU..cn -1 1\'0.:i.~ 

lliL1 

Subchromt 
dut<tlwn 

N 
r'oiOAEL tilndy L0.\1:1. liflld) 

£11dpohr.l COliC (ppm) CIUU: (ppJQ) 

Glm>1h: 
)exposurea llyJ><:Ill!llslon IOU.OU 

I, 10, IOOpplll 

filll\\1h, 

3 exposures llypcllcmit'n \000{1 

I, 10, IOOppu: 

G1nwth, 

3 exposures lly]lo..'llo..'IISIC\Il 
I, 10, IOOpp!I 

Un•1~1h; 

3 expoa:ure.s llypcrtcnsJUn 100./JU 
I. 10, IOOppiD 

IS c.\posur.:s ~h•rtalny 2,000 4,000 
250, 500, 1000, ~000, 
-IOfiO, !!OO!J, l6.!JW1. 

3:!.00/Jpjllll 

ll cxpo~un:s Mo•t~llty 2,000 4,000 
250,500, ](){)(), J(IU(t, 
40UO. 8000, 16.00U, 

32,000ppm 

!! ... -xposures ""hutality 2.000 4,000 
2511.500, JO!JO. 20110. 
400fl, SOOU. 16,0(1(), 

32.U(.11Jppm 

l!c:~.posun.:.'i Mmtality 2,000 4,000 
:!5!1. 5Uo, \UOO, 2000, 
4000, !!0(10, 16,UOO, 

32.0(J(JpjlJII 

8c.>.]lthulcs Mt~ttnlny 2.000 4,000 
250, 5(10, 1000, :!llfiU. 

12.Uo(Jppm 

Co11venloafactor 
{l..g (nudii.K 

BW/dnl. 

oos 
MtasuredmiiUdy 

ous 
MauuredinltUdy 

1105 
Measured in 11udy 

0.104 

OW & fCNS · 
EI'A I<J!!!Ia 

0.10~ 

llW&f-C'N.S­
EI'A l~l!!!J 

()]()4 

DW& !TN~· 
Ei'A 1<J81Su 

Olo-1 

nw & FCNS 
EI'A 19!!1111 

(JJU-1 

UW&ITNS­
J:J•A l'JIHtn 

DRAFT 

NO!\l.L dna: LOUJ. doa: Inter- NOAEL TRV LOAEL TRV 
Cm211:e-.davl Cml!!kl!-chv) 1 

IPIIcln D11rado11 Eud olD! Other Tol•allfFI (WI:/Iur:-diiV) (mlt}ke-diiV) 
NOAEL l.OAEL NOAEI. WAEI. 

N.-\ 1.7[+01) 5.1£+(10 

.t4l.tUU I.UI.Ttll 

J.!JF.+Uu 

2.U[•UU (!.ll-:·1111 

"' l.Cll\.-li)U l.lll-!'.+0\l 

2.Ul-:0011 <i.\J.',fllJ 

l.fl£o1UII J.OI?.+OII 

:!:.UF~·f.Ut 

:!.111-:-lflll 

41' 1l 7l 2.8E+QO 5.6HOO 

Subchronic E.ndpOint = Lclhahty 

l..U.1-Ufl 

-117 7l 75 

Subchroru EndpOint -Lt!baliry 

I ~EI'IJII l.ISFI\11) 

"' 75 Z.tlf.tUI) 5.61-:+00 

Subcbroni Endpowl - Ldbalil)' 

1.-lt.HIU 2.1:.1 1·(111 

75 2Jtl-:tUO ~-6Y-tliU 

Subcluoni EDdpoLDI • Ldhaliry 

.,, ., l.fiEtUfl 5.6t,-1UII 

Subchroni EndDOi.ul- LCIIlaliry 

J.4r_,_,,u 2.11f+(IU 

Pagel of34 



NOAEL & LOAEL TRVs - BARIUM 

n.cccptor 

Grutcr-Sage 
(iruli!ie(dktl 

Woldllfe TRv~ RFT ~Is Bamun 
21712002 

St11dy 

](lhll~l'll ~..1 al l %11 

Cbemle:al 
Study 'felt 

Rouu Specie• Dundoa N 

o.~ Clud..cn 'lwct.h 

Subchconic 
Jlii..1 JuJ<JII1lll 

StudvFaclon 

!'>;OAEL liludy L04.J.:L llludy 
DoMI Eadpolnt cone (ppm} coac (ppm) 

8 o:poourc~ M(ll1~h1y 2,000 4,000 
2:5!1. SOU, JUOO, :!(J(JD, 
-IIJOfJ, 8000, 16,0Ull. 

J:l,UOOppm 

CoD\'cr&ionFa11or 
(I;Kfood/"y 

DW!dav 

Sour~ 

n 1o4 

UW & FCNS­
EI'A ltJS!Sa 

DRAFT 

NOAEl .. do~~~: I.OAEI.do~~: lutcr- NOAEL 'fR\' LOAEL TIW 
lmiU'ki!-dnl (m~e.-davl 1 1pcdu Duntioa Eadaolat Other Total uF' (me.lkv:-davl Cml!!ke-davl 

NOAEL LOAEL NOAEL LOAEL 

, I 1.111.+00 5.61-:-tOO 

Subchruw Endpoint .. Ldh&hf)' 

Pag& 13 of 3~ 



NOAEL & LOAEL TRVs - CADMIUM 

Study Tc:11 NOAi::Liil11dy I.Ot\f.l.tolud\· 
1L:c1:plor Studv Che.ulc.o~l Ruule Specie• P11ulioa N Eadpol111 cope (ppm) COlle (ppm} 

Ch;uk> 
St•lubleClldmlWl l~ivl1 Cll C\uuni~. 3 H.l ;unm.rls p~:~ n~nMin· 

{\\IIlLI") SdtL••.:U.;t & ~IJIJ•..:n .. ·L.I'J7l SJil~ (Jt,d M1u: ~.:.ti..;J~llnlb tll•~Cj!JOU[l 

lc:>.p<:.nuJct•fl\1 
m~;:I. lt.;pro,Ju,;(IOJl 

llccr,\liu.:(dicl) Wli:.~.•n.:l;d I'J-.11 
C;,dmium 
dllonJ..: 

SolublectdJlliuw 

Wi!\..:1 10 I ppm i.udla) 

Chronic: 4106ii1Jm;d, 
(h,il ,\JilJUll J<IL~ [()l) tl,1yS jX:I"Jt•~ gHlUlJ {J ~Jli.ISUI"C) Gr0W1b 

(Ooolltrul, 31, 62, 
lJLL1 125,250, 501! ppm) 

[(Lvl1f"ll {"hromc,J ltJammtl.hp..:~ 

Mluk{niLIU) Schwu..l..:L (\... MJli.lll'll~l". l'J7l \;J1h 0L;Ll !l-ILa: g..:ncLiltions J(,~c ~;wup 

1C.\fl.';ourcnfUI 
mg'l l{cprmluclwn 

WJhuu..:tJ.I.l'.J-11 
("~dlllJUIII 

chJ,,Litlc 

(0 1 ppm wdia.) 
C:Juomc; 41o 6 ;rum:LI~ 

01a\ AIPmot~l~ 10a J;tys p..:• d<.l)IC ~;wup 6 c.\posut-c~ Gro\lllb 
(Oroutrul, Jl, 62, 
125.250. 5UUppm) 

C\1J1k., 
:\lu~l.~ll.!->hn·ll SL,IubleadJlltuti Hivcr rll Clu(liUL.:.) 10 arumals p..:r 1 L:.\[lSOuJc ,,1"]0 

(l\11\~rl S..:hw ... <.kL & MlldLcnc•.llJ71 ~<Lib Or,Ll l>ha: ~<.:llcJJtwm d<.hcgwup mgd. J(cpwJuLIJOn 

Malok~d ~hn·11 

fdkt) Wihl.lllL1 ;~.['HI 
l"adulium 
clLlonJc 

W<~l~..:.~ (0 I pplll i..udid.J 

Chronic· 4 1o6 aumah 
Orill Alhmn 1o1l~ 11111 d.1ys peL d!l~C t;LOILI' 6 L"Xposurc~ 

(Oroutrol, 31, 62, 
125.250,500 ppm) 

Cl1~1k~ 

SolubleCidluiWll J(iv<:J Cll ("hromc: 3 llJ,uLJIILabp..:r I L.""l.p~uun:J>f11L 

Growtb 

l{~d l!'ui (wlllcr) SdmLcdL:L & !l.litdh:na. I'J71 '>~~~~ OJ,JI !>!Jo.: b'CIICJ,l\1<.10~ dil~cjilllUp mg."{ RcpLOducuon 

.\Jlll·rk;UI /\'ultdi,lhlc"]j{\ 

lluhlu (ll .tlct) Jo:~t.,!Jli>bin~; Stmlic1 Fuuml 

D..:Livc(loLillJJll;uy II{~ 

.\mukun 
Unbln(<lid) 

(.]iJl~uullnll 

(IVUICI") 

CIJJJSwulh111 
(lli<.·J) 

,\mcrk;lll 

Nu lldiuhh-TU\' 
ht;Lillhhin~ .'o.tudic~ J."uuuL] 

lknvcfilnn])JlliliY.ll{'./ 

Willi<.:& FiniLy. I'J7l! 

J->~111d {llo~h:r) ht;~hlhhin~ .'o.tmH~• Fuuud 

l).,;nvcli••mJ)JllaJY I](~ 

Anu·rlc.LLI 
Kl·m·d(tH~•I 

lldlc<l 

{ltill~r) 

lldl<·d 
Kh1~lilihcr 

(dil-l) 

Wlut..:&hnk;•.197!1 

Nu Hdiuhl~: TU\' 
hl;~hli!Mng Sn1dic~ Fnund 

lkmc \tum lhuary lR-v-t 

Whit.:& Fmky,I'J71'i 

Wildlile TRV~ RFT .:!~ C.odnuu01 
21712002 

(",ltillliU1ll 
lhluLitl.: 

CaJntJUnl 
chh•rit.lc 

CJdmtum 
chlJoLid..: 

('JdllliULll 

chiLllldC 

(:aJ,uium 

chlt'lld~ 

w.1h.:J (0 1 ppmwd.id) 
C!nunil. ~ [(l (, ;nimab 

llL~l AlhLII•'t:JI~ IOU ti;Ly~ p..:rtlnsc gu1up 6 cxpu~ut.:s GruWih 
(Ocuntrul, 31, 62, 

JlJCI J25.25fl. )()()ppm) 

Chrowc; 90 2(1 anuuaiSJlCl. 
Or~ I M~ll;~d t!Jy~ dos.: gwup 4 C.\]l(lSuu: gLt•urs Rqnnducuon 

((JC(lU\IuJ.:!(J.:!(ilJ, 

:!UUO [l[llll WLI 
])J.:t WCLgh1) 

- Chronic.90 2UnntmalspCI 
Orill Mallo~~d d;1y~ o,,~c gwup 4 l!:>.fKlSULC gruup~ Reproduction 

tiJc~.~ntml,2tJ,11JIJ, 

2(J(J(Jpp111 WIJ 

]lLCI Wl!lj;hl) 

Cluonic;90 20nnimalspc~ 
()L~l Mall;ui.l J~y~ du~ gmup 4 C.\]XISm~ J;Zflll]lS Hcpn,duction 

((Juonlwi,2U.20(J, 
1(J(I(Jppm wt1 

flLL1 WCi!;hl) 

Ctu-onic; 90 20 ;uumalsp-..., 
01Jl M<ill.uJ ddy) Jc•sc J;~tlup 4 cxposu1~ gLt'ups lkpmJuctiL•II 

({Jrolllnl1,2U.:!OU. 
::!IJ(Jll ppm wLJ 

10 

)I o2 

10 

)I 62 

10 

)I 

10 

)I 62 

17.3 239 

17.3 239 

11) 239 

11) 239 

Coul'enioaiado 
(1..~ fund/1..1,\ 

DWtdav 

Souru 

0 ::!~ 
ORNLI996 

(l(ll:i 

ORNI. 1'JCJ6 

tJ25 
ORNL 1996 

(I.(J!\ 

OltNL l'J'J/l 

0 :!5 
ORNLJ996 

UUII 

OHNL 19% 

U.25 
ORNLI996 

(.II)!\ 

ORNI. 1996 

"' 
Mc:tsurct.lmSLudy 

0.1 

Mrnsutct.lmSLudy 

01 

IJI 

Ml!d~u•ci.lm ~udy 

.,.~· 

ORJo.FT 

NOAEJ. doa.: 1.0.4.EI. do~t: In1cr- NOAEL rnv LOAEL TRV 
(m2/k1!-davl (Pit/ke·.:b'\') 1 IP&eles D11radoa E11d olal Other Tolal ~ Cm&lk~:-day) (DUtlki!-day) 

NOAEL LOAEL NOAEL LOAI'.L 

NA G.&J 2..5 

'" 4.% 1153 1.7 

NA l.l 0.17 0.5 

"' 4% 11511 J.U 

NA " 0.17 0.5 

'" 4% U.Sb 1.11 

NA O.li 0.5 

'" 11.50 

U.ll~ u 

171 H9 '" II• 0.119 2.-1 

S~lf 

0.114 l.l 

1.73 239 10 01)9 l." 

SMf 

U.fl.f 1..! 

173 20 lu 0.09 '·' 
!.MF 

113 23.9 20 lu o.uLJ 1.< 

SMf 

P<~geo9of34 



NOA/iL & LOA/iL TRVs - CADMIUM 

W.cccplor Studv 

i\blli!l>IHuc'... !"u lldi11hh:"llt\' 
{UIIIll) hl.,hlitr.hiug Slmli•~ l•u1md 

lkllvc lh,mlltciWY IHV" 

Milliard Hud.: 
(ollcll WhiL..:&l'ntlLy. J<J7l! 

(;n·ut.,r·Sng•· N<> lhli;lhlc'llt\' 
(irnU~i: f•~"lcrj E~aublbhln~ !o.lu!li~•l:uund 

lkanclluml>a...t;uy m-t 
c:r~lll~r-!o,;~~:~ 

(irnn .... · ltli~l) Wllllc& lmky,l<J711 

W•ldhle TRv':o RFT .o;ls. CoJdm•um 
21712002 

SnulyTut 
Cbemlt~~l Route Spctiu Duration 

{'.lthmum Chronic; 90 
L11lunJ..: Otad M.tll.uli Jays 

lliL1 

('admium Chrouic; 90 
chh,mlc OL<d t.lall.~orJ d~ys 

u,~, 

SlladvFactou 

N Do1e1 

:w anim~ls per 
doscgmup -l CX[JOSUll.:gmUp> 

(0Uli\1IOI,:!U,200, 

:!IJ(JUppmwcl 

wctgli!J 

:!IJ:lflilllaiS['Kl' 

Jnscgat'UP -1 c.'fX'5ULC ganup~ 

{l)wuut'l.2U,::wo. 
2(J(JUppmwu 

WO.:Lt:hl) 

NOAI~L lltndy I.OAI-:1. !Jud.~ 
f.Ddpoiot CUDC {ppm) tOOt fPPIII) 

lh:ptuJuctwn 173 2J') 

lto.:production 17.3 239 

Cooveuioo Facto 
{l..g ruudl kg 

UW/d11Vl 

Source 

Ul 

Ml'n~urcd in 11ui.ly 

DRAFT 

11our1ala Fac&on (UF 

NCHEL duw: 1.0.\EI. dow: lut~r- NOAEL TRV LOAEL TRV 
{m2/ll.e-dav) (mit/ke-d IV) 

1 1pedc1 Duradoo Ead olal OCher Total 1.W (PIK.IIu!-d.V) Cmltl'lu!-dav) 
NOAEL LOAEL NOAEI. LOAEL 

ll.ll~ i.l 

17j ~(j 10 0.09 2.4 

SMF 

IJ.II.f 1.~ 

17) 20 lU O.U9 1.4 

SMF 
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NOAEL & LOAEL TRVs - CHROMIUM 

R~uptor 

Uccri\lia: 
("~In) 

Studv 

No Udlnhlt.' TU\' 
l·.~lublh.hin~; Smdy 

Dc:rive.li.uwthctill)''rn.V 

]1-nnl..,wicanJI'Il'll\>lll<ulll 

Snuly Tut 
ChtLDic..l lluul~ Sp&c:ic• Dur.doll 

90d.1yi& 2 
l)~cr Ml.s.· (dicl) l'J7) Chrouuum '''ld (JL~l H~t }'l'.JI> 

{'hmnk 

No Rtll•ble 'Ilt\' 
Mini. (nult:r~ .. :~t.ll.>lbhlult Stud} 

Dcnvc frulll dietary TRV 

II·Juko,·i(;mdl'n:ussmJnn 90days& 2 
1\linl.(l\it:l) J•)7j CJJwJJJL\LilJOXLJ Oro~J N.;u yo..:.n• 

M .. lwiSbrew 
(U;Lil'r) 

No Rrllable TRV 
bhohli>.l.ingSILulr 

lkrive frmu did.ary TRV 

M.o>l.a·d SILrt:w IIJIIkL'\'J.; .~H.l I'ICU~'manu 

('lnunl.: 

90days& 2 
(Llit:IJ 1'.175 {'lJmmiUUJLI:>.iJ Or,d lt.Ll ycaJ~ 

])Jet C'hwmc 

NoRcllable'B:V 
lltd l'o:l (wlllkr) l::~tallli•hiu~: Stud} 

llmve frClln du1ary 11{ V 

h ~nJ..n1 ic oond l'rrus~m.mn 90days&2 
ltl·dhol(llill) l'J7S (hh•LILIUillllliiJ OJ.tl ll;Ll YI,'.;JI> 

Amerltan No Rdbble TRV 
ltnhiu (n,llt:r) l.•hohlh..loinlt ~11\tl} 

Amcrit:nn 
Uuh\n(tlkiJ 

CIIIJS"•IIow 
(nalt:r) 

(Iii! ~u;oilnll 
(did) 

l)t:rivcfiouLi.liC1aryTIW 

ll,,,duncctul I<JIH 

No ltfli•ble rnv 
l:stlll>li>ohing Snul) 

DmvefrowdJoaryTllV 

.\mlrh:uu r.in ltt:li;oillt:TU\' 
Kl·•trd (wnlcJ'I F•l;o!JihJLiu~ Stud\' 

.\m,·ricnn 

Kntrd(tlill) 

Hdll·d 

(\HIIll) 

Bt:lkd 
Kin~,:lbhl-r 

(did) 

1\hllatdDu.ck 
twnlco) 

DL!Iwe from didary TRV 

NnUt:lil•illc lit\' 
l.•tnbli~<hiu~ ~ll1d~ 

Do:iveliowdldarylltV 

No Rell•ble TRV 
1-.~l.,hlh.hin~ !)Jutly 

Denve frolll dte1ary lRV 

Wddhle TRV~ RFT xl~ Chromium 
217120(J2 

))Jet {]llLilliC 

{lil<liiJJUJil 

poloi\SLUI\1 sulU!I~: OJ,d lllu<J.. Jud. \IJ nwulh~ 

lll..:l 

('hi(>L\IIUL\1 

(nu..:..l 
ht\:,lagc 

jl!lli!~~inm sullat..: 01JI llla~:J.. Jud. Ill muntlb 

(IJI!HJI1UJII 

(11Hl01l 

hk:.t~g..: 

Jl"l""luUL 'lllllllt..: Or;1l lllucl.lluU.. l!J n1olllh' 

('luomiUJJl 

lmio.l 
libtar;c 

pol<•••lum )oldiJtc OrJl Hla..:k tlud.. IU month> 

llicl 

CnuUJl 
libtagc 

N 

StudyF1cton 

!'I:OAJ-:I.~;~udy LOAlo:l. "udy 
I>OICI Endpoint cooc (1111m l cooc (ppw l 

ReproduC!ion, 
] ~XJXl>UI<.:S I.OilgLYJl}' 

1 C:l.pO>UJ\:> 

1%. 2~u. s~. 

2 exposures 

IU & 51J ppm 

2exposur~ 

ICJ& 50 ppm 

2 exposures 

IIJ& 501 m 

2cxposures 

1U&51Jppm 

Reprnduct10n; 
(,,,JigC•oily 

Reproduction. 
Lungc,·it} 

RL"production. 
[.(>LIJo!Ciily 

Reproduction 

Rcproductwn 

Re-plOdUCliOD 

Reproi.lucllon 

~UU{J(J 

5{J(J(J(I 

50(1()(1 

5()(11J(J 

10 

10 so 

10 so 

co lO 

Couverdon Fsclor 
{1..~ (uud/ L.~,: 

BW/d1y 

Souru 

O.U!I 
BW & FCNS­

U'A l'.l88d 

008 
DW&FCNS­

D'A l'JS!Sa 

0UH 
BW & FCNS • 

EI'A i•J!i!la 

(J.U8 

BW &. FCNS­
Ei'A ]'Jill:!,, 

01 

UW-Dunnm~; 

1\l!l~. n:NS­
llcmzct;,\I'JSLJ 

0\ 

BW-Dunmng 
1')8-l, I"CNS­

lkinn:lall'J!i') 

ill 

I!W-Jlunnmg 
l'JK-l,I'CNS 

llcm.:ctall9K'J 

Ul 
UW-Dunnin~ 

l'JIH,I-CNS­
IlcmzCI;LiJ•Jt;•J 

DRAFT 

Uuccrtliu F1ctor~ Wf} 

l'\0.\EL dua: l.ll:\1!:1. du"' Iuter- NOAEL lRV LOAEL 'fRV 
(w2fkr:·chy} (ml(/ke-dn) 1 1pcclc1 Oundoa Eod olnl Other Total UF' (ml!fke-dii.V) (DI2/kli!.-dllVI 

NOAEL l.OAEL NOAEL LOAD. 

6.7E+02 2.11[+03 

NA I.JE+Ol 4.0£+03 

4.111-:+(Jl l.ll:+lll 

40110 NA 8.01-:+02 2.4E+OJ 

4.Ut:+U2 1.2l-:+UJ 

4(J(J(J NA &.OE-+02 l..IE-+03 

4.11E+Ul 1.l[+U3 

4(J(J{J NA li.OE-+02 2 . .0:+03 

I.Ot:-fll s.nt:-ill 

\(> 51> l.ltE-01 l.OE-+00 

l.ltE-ill S.IW-111 

l.OE-.01 I.OE+OO 

I.OI•AJI 5.\IF-01 

S.O 2.0E-OI 1.0~:+00 

l.!tJo:..(JI S.UE-111 

\0 50 2.0[.(11 l.OE-+00 

1.0~-IJI SJW-tll 
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NUA.EL & LOAEL TRVs - CHROMIUM 

lt..ctplor 

;\lull~l\.l llucl. 
(o.li~IJ ll:t~..:lltll..:ct ,11 1 ')II~ 

(0rc:I[Cf·))>L~c NnUlliulllc lit\' 
(iruuk<:(uatlr) ..:~tubli.hiu~ ~mdy 

Oenve trow tbdary Tit V 

(ircnlll-~llll<' 

(jruLL•c(dill) l[u,cllln<.:~..1al I\!8S 

W1l.lhf~ TRV~o. RFT :.15 Ch10n11um 
2171200:.! 

ShtdyTnt 
ChcP~iCIII H.our& Sptde• Ouutlop 

('htUillllll\l 

PL•t.L~)IUJ\! :.vi Uti<.: Or~ I IIJ;,,;kduck HI LU"Jllh~ 

CLJII~l 
(r·l I lt~l ILIC~IOtg..: 

(ht•Hnium 
fll.llJ~SIUUI ~~~11<.: ()ral lll,id. duel 10 ILWil!h~ 

Cnul<ll ,,. 
llict li!c~tagc 

N0.\[1- ,;tudy Uli\[1. loludy 
N E.ndpolat cone (ppm) wac (I.Jpm) 

201.pC'ISUUS Reprnducrio.c 10 so 

HI& 5(1 pm 

2 exporurcs Rcprodudion 10 so 

CouYer&iouFactor 
(l.~;:fuodll.~;: 

BW/da,-) 

Souru 

'" IIW-llunmng 
1~11<1. f-CNS 

llcmlCI ali~II<J 

u I 
BW-I>unnm~; 

I~B"I:H NS­
lkint.clolll9K9 

DRAFT 

NOA[I.dn.c 1.0.\U.do""' lnh:r· NOAELTRV I.OAEL'fllV 
(mw'llt-dnl (mk/ke.-da't') 1 Jpecln Durado11 End oiat Odur Total lW (mt/k.r.-cb't'l (a:ur.llu.!-dn) 

NOAEL LOAEL NOAEL LOAEL 

Ill "' l.OE-01 l.OE+OO 

I.III:AJI S.Oio:-ol 

"' l.OE-01 I.OKtOO 

P.o~ge 12ol3-l 



N04EL & LOAEL TRVs - COBU T 

Stud Faeton 

StudyTett NO.\EL ..tudy I.OAEL ..:ud~ 
n~uplor Smdv Chewlt~l Route Speclet Dundon N Dosu l:ndpolnl cone (ppdll cone (ppm) 

n~~r Mia. 
{lt.llll) 

~ulh.-1\llh\..,TH\' 

hl:•l•li•hiu~!-!tudy 

Dt'll\'~ fi0lll t.hduy lltV 

No IUiiuble TR\' 
:\liul. (uuh;r) t: .. tuhlhhlugStml) 

D.:nvefro!lldit~aryTitY 

1\-fink(dlet) M<lllcuhauerC1all985 CoballdllCiride Oral 

Muli.edShrcw 
(llulcr) 

M•nkcd Sbrew 
(diL"IJ 

No Rdlable lllV 
E•t••hlhhin&: !-.111dy 

Dcnve fwut d.J.,;ary TRV 

No Reliable TRV 
lhdfuJ.(WIUit) bliillli.ltilll:Mllli}" 

nenve fi"ulll thoary 111.. V 

Am~rk11o N" Udiuhlc Tit\" 
l{ul•in (w;ot~r) J-;,loLhJi,hln~: Smdi•·• ruuml 

1kn>o.;Ji,,m1Ju..t.uy"li(V 

.\nn·ric;Lu 
UuhlutdktJ 

( Jjff~ll"otlJUII 

(ll 111~1) 

CllfiSw;Lllnw 
ltlilt) 

Nultdi;ohlc lit\' 
t;,(llhJi.bhLj; !o.huJin ~UIIIItl 

lkmcJi,nnlll<.t.uyiJIV 

IIIII I 'J7~ 

.\u•Hk•u• 1\u UdiLLhlc IU\' 
K•·strd(ll"IL·r) l.lto~hlhhin~;:Stmli..,)holllld 

\llltrkllll 

h:<>lrdldid) 

Hdt.,d 

1\iut:li!.ln·r 
(du:l) 

l\bll.uU Hud, 
(~>Uilr) 

i\IJllard))u,l,. 
itlicl) 

Jkttv..:IL<>liLilu..t,uy [1{\rl 

1\n Udh•hk lit\" 
l:~t11hli1,hiu~ Stud),, Fuund 

IJL;LIICII<IIlllll<1.LIY IJ<\rl 

llllll'J7-l 

No Udiubk 'I U\' 
l·~t;•l.olbhint: Smdin l"uund 

Do.:u>.: lit>lllllu.lJIY JJ(yl 

(,r,,ltcr-~"1:" Nu Udh•hlc Tin· 
(;ruu~• (l'nlcr) E•l;ohlh.loiuj~!olll!o.lin l"ouutl 

l>l"LIIC liL'IIl]li<1,11Y []!yl 

Woldhfe TRV' RFT ~Is Cot>all 

2/712002 

lla;l 

lltl.:l 

ho.:.\,ohydt.tlc ll1<.:1 

lu.:.\olhyLlralc lltl.l 

J{,n 

"" 

(lud.o.:n 

<:Jud.:~n 

98 diiYI 

98 days 

98 day~ 

98days 

lteproduC1ion 
T~urulnr 

d..:!;..:n.:ralil>ll 

Reproduclion 
Tes1iwlar 

lk~Cll\..1~11<111 

Reproductiou 
Temrular 

l.k~~~~~·~lllln 

ReproductiCID 
Testicular 

t.lo...1!.:1lO.:IoLIWll 

l<tdud;spl·r (iwl>1h • 
]\\(l.;h dus.:g1t\lljl 5~p,,.-.ur.:~+ron1Lul MuL\,1lity 

(0/50/100/200/ 
JOU'-101/mg'l..gJ 

IUclud.spL, (ir''''1h 
2 .,.,.l\:k-i tlus.:gllll.l[l S C.>.pusUJc~+ O.llllll•l Mo11.1ll1} 

((1150/1001200.' 
)(1(!'~(111 mg·~g) 

](! cluc~s pl":l lirt1111li. 
Clitl"~cu 2 W<\:b Jt,~c J!IIHJ(l 5 c.>.pu~\111.:~ 1" U11li1UI Mt>ll.lllly 

("hiU-.<.:11 

(0!50/10012001 
)(lU.'~lJU mgt~~) 

!Uchu . .ls pc1 Gl(lv.1h. 
2 wu:l.~ J,,~c gwup 5 C.>.]lO)UICS + o.•lllnll Mlll\~hty 

(0.'501100/20{11 
1Uil.'·ll!limg:l-gJ 

ID chid~ [""11 .. 1" G101~1h. 

2 ll'l\J..~ Jo,c ~wup 5 '-'f10SUI<.:S + l.l•llllt•1 Mt•lt<Lllly 
(015011001200! 
J(JII/..jti(J mg.lg) 

'" 11JO 

'" JIJ{I 

'" ](![) 

"' Ill() 

"' [(J() 

Converal.o11Fador 
(1..~; ruut.l/ .. ~ 

BW/dii!Yl 

Souru 

N\>lli!LCljUI!Cti 

Nnnctcqum:d 

None n.~qum.:d 

NOllCf\:l!UIIl:J 

011 
FromEtnSSL 

0.11 
Frowl!ooSSL 

Uclli",I\Hon 

lJJI 
From EroSSL 

dClll",\llOil 

011 
From£ooSSL 

Jtll\Jlhill 

()]! 

Uncertaia Facton lUF 

NOAEI.do!ll! I.OAt:l.doll! lutcr-
(mli!lke-davl (mr/ke.d•vl 1 tpeciu Duntloa End olnl 

20 

NA 2(. 

NA 

ll , •• 

• '\ •J j ll\1 1 ,J lol .~\"(·!Ill( I~ ·I 2 ~~~ o 

I:,, in \ \( ·1~ nll~l 1 

II 1.'1 
• "\ollu~l•oll" .~-.~·ur.L ~-1 :~~'!, 

( " o I i n ' .J ( . I ~ f,( [ ;( I 

II 1'i 

• ·\diw.,ll'l I•• • .::~t·unl t;·r ~:.'\•!,. 
l"ollflloO().!hJl:i; 

Jj 21 

.~ ,\,JII; ;(,)J\1! .t..:~•lUill J;•l .!'"" 
((,111(,.1]:111_1; 

',\dtu;l.x[\o...;.;o)UIIll,111.1",, 

( I• 111 ("t•' ~ t.U_•I 

NOAEL LOAEL 

DRAFT 

NOAEL TI.t\' LOAEL TRV 
Otber Total~ (WIU'kli!-cbvl (melkt:-cluv) 

NOAEL LOAEL 

l.li.•UU 

1.U:+OO 6.7E+Ou 

6.71-:-{)] 

671'-111 l.lll·:~•m 

1.3[tfll) 

6.7f-lll 

I.JE+UO 4.0E+un 

2.7E ~II 

1.7~-111 S.)lAII 

2.71·AII 

l.7f:~l 5.31!...411 

t.:U>{!l 

1.7E~ll s .. n:~ll 

I.JE ~II l.71-:-{ll 

l.7E..UI !UE-01 

1.\1-UI 2 71 ·HI 

1:.n:..u1 5.)£..01 

1.31•111 1.71' ~~~ 
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NOAEL & LOAEL TRVs - CODAL T 

lf.~uptor 

{;n:~tcr-s~ll' 

(;11111~1 (diet) 

Wtldllfe TRV:;; RFT xl5. Cobi:ilt 
21712002 

Studv 

lltiii'J7-I 

.Study Tnt 1\"0'\EI. ll:nd) I.OAI::L -Indy 
Chemical Routt Specie• Dundon N DoNI UiclpoiDI COliC (ppm) C:DDC (ppta) 

10 chick~ pet Gr(>\\lh. 
Clm.kl!n 2 w..cl:~ d,h.: !,!t~•up 5 l!),.po~tll~:.S + O.lll\ttd Mun<•iuy 

(0/SO!I00/2001 
J!J(J.'-I()Outl,! 1kg) 

511 J()() 

Coavenlon f•ctor 
(L,Mfnud/L~; 

BW!dav 

Source 

U.\1 
From EooSSL 

,knvattnn 

NOAU.duoc I.OAEI.du""' httcr- NOAELTRV LOAELTit\' 
fm~t/ke:..clav) (me/h.-day) 1 apcclet Dnrarloa Ead olot Otber Tot11l Ufs {Dltdlu~:-diiY) fme/ke-d~y) 

1.! 1.7 
• ~.dtu,t,·d tr. ·"-~(>Ufll l.•r .:.:;•:, 

C:o>tr.(u(l,i•ll:ol 

NOAJ!.L I.OAEL NOAEL LOAEL 

1.n:-m UF.-dl 

DRAFT 
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NOAEL & LOAEL TRVr - COPPER 

ll~n~li~· 

(1\oll<·r) 

l)~cr:\li~ {i..liCij 

No Rell•ble TDV EitP.blhhlu~;: 
\Jml.(llicl) Slmlinl•uund 

·''·•~hd :OO.brl'\1 
(ll;ltcr) 

1\h•W.~d :-.hrc11 
(dicll 

lbdFox("'atcr) 

llcl'l\clloLLLWiilCJ lltV2 

lkhcn l1 .~ .. \!J'II 

llch..:~tct,d l'J'J.l 

AulcrichL1.J.l. i'JII:! 

No Rell•blc TR\' Ell:•blilhiug 
Uc<ll;lll {di~t) :OO.cudlcM t-nund 

IX:nvchumW;ill.!r·lnV2 

Amtrlcan No R~llable ·rn.v Etublilbing 
Unhin (";LICI") Smdlc,t'ound 

Jknvc lwm D11.1;uy Ji{V' 

Rout a 
StudyTut 
S~c"in Uundoa 

llf.>l'31'1 'Suhcln~>mc, Smnnahpcsex 
Copper sulfate Oral IS d.1ys pc1 Jo~c gwup .'l cxpo~mcs 

\iW\'.1h, 
Mon~lity 

(0, 300, lOOO, 3000, 
W;u~.:~ l!!fJlJOmg LJ 

Coppersulliue Oral 

Du:1 

(Clpparulfiue Oral 

Wa1u 

I 0 anim:d~ p..:1 
nunn ( liu111ic, IJ2 sc>.pcrdo~ 

u.,y~ gwup 

Chmruc,357 :!4;ulllnalsr<.:r 

ltcpwtlucLiun, 
II C:>.IJO~UI"!.!' liL<IWlh 

(0, 1000, 2000, 4000, 
MOOO, l6(J()llm~;.l..g) 

Mink dthcgwnp 5 C.\Jlll~IIL"\!5 !{C[iroduC\](lll 

(60 5ccmtml, 25, SO, (ReproJuct1ve 
ll!O. 2(JIJ lll~·k~) sua.:c.'i~) 

OCIC3fl Subcltrumc, 5 annnah per sex 
fop!)C' .rult:J.tc Oral IS J.1y~ pc1 Ju'l.! ~tnup 5 CXJl<.lSUr~> 

lin,wtll. 
Mi>Jt.tllt~ 

Coppersulfare Oral 

Coppasulfate Ora.! 

Wllll1 

B6Cll'l 
mi..:.: 

l0animnlspl1 
Cluonic. ')] sex p..:rdo><! 

J,IY~ i;IOUp 

Chroo.ic-; 357 24nnimalsp<.., 

(0, 300, 1000, 3000, 
JO[JO(Img/L) 

J{c-pwJuctiC\11, 
6 upo~ulc~ iirn111h 

(0. 1000. 2000, 4000, 
IWOU.160Uilmg.'lq!) 

Mmk dd}"S do~e gmup 5 c.>.posurc~ lh•piCIJuclwn 
(60 5 C(lll\rol, 25, 50, (Rc:pcoducuve 

J UIJ. :!/J(J mg!l.g) ~UCCC~>) 

Clunnic,4(J 21auimal'i['l<..'f ,\mL·rlcan 
l~uhin (dicl) J~llson & ~l<...\·en~<.>ll. 19!!1 { "nrpc.r O.\iJc Oral {"llll.iCJL wcd.s Ju~c ~mup 6 t.\flll~UJC~ RcpnH.Iuctilln 

(Ocontrol. 150,300, 
DIL1 -I)(J,b(JO, 75Uppm) 

Clif Swallow No Rcll•ble TR\' E••bliablug 
(";Iter) ~ludic' l'nuud 

llcnwtn•mlli<.'l.L.JY JJtv" 

Ulff ~";lllu11 ('hH•n•c. -10 11 ;ulimal~ per 
(diLl) j,,LI-.~''11 1St. ~IL\ Cll~<•ll. l •;Ill t l'f'JIU t>:I:Ldc Oral l"li•clo.tll \\cd.:~ d(·~c lll\lup 6 C."I.JlO~UJ\'~ ltcplodu<...linn 

(Ocoutrul. 150,300, 
llt...:t 4)11,6Ull,7)11ppm) 

Amcl·ic.ln Nu l{dlahlc"I'UV E.t.,hlh.llilll: 
Kc•ILd(\\IIIU") Stndic,lnmuJ 

DcJivc!inmllllliU)'.ll<l/ 

Amtrk;m C"hn>nic, -I(J 22 nmmal~fl\.1· 
Kn!L d (dk!J J.Jd,.,,,n & ~IL\"Cll~l'll. l<J!! I ( vppcr t•.\idc Oral ("hiU..cn wee!..~ do>c llltiUJl i• C\JlOSUI<:> [{CJ11"0duction 

Ucl!cd 

{W;i\ll) ~htJi~, 1·1•1111<1 

lklli"Cil<•lllllil.l;uy JJIV' 

(Ocoutroi,ISO,JOO, 
ll1d -1:5(). 6(11J. 7:50 Pfllll) 

ChilHIIC:-11• 22;mimahpu 
Bdt~d 

Kin];fi•h,r 
l<lill) J.iCI..'>IIIL & ~l<...VCII~I'II. 1 ')l\! ( "o>ppu il~lilc Ora! { "hu.:J..cn \WCb J<.~'>C J;luup 0 C\fl<.hlll"l'i Hcpwi..luCIIOLI 

(Ocontrul, ISO, 300, 
1l1<...~ -150. (,(JIJ, 750 pjllll) 

M•ll•rd Dutk No RdilbloTRV Ell•blhblng 
(nulcn :-.lmJic,l·nLLJid 

ll..:IIICII!IIU]lt\l,u}Ji{l/ 

:O.I:LII;millnd, fhwm.::-1(1 22:m1m;Uspcr 
(dicl) J.oLJ..><UL& ~l"'-'~11~<\ll, ]'J~J ( "!lJl~l n~LJ~ 01111 ("lttLJ..<:I\ 6 .:.~po~ure> 

(0COD!rol. IS(/, 300, 
-150. 60U, 750 ppmJ 

W•ldhle TRY~ RFT ~~~- Goppor 
2/71200.2 

]lid 

RcpruductLtJII 

NOAEL ouuly 
cauc(ppw) 

1105 

ll05 

300 

300 

300 

300 

300 

LOAH .. otudy 
tunc (p.,Dl) 

160.5 

1605 

450 

450 

450 

4SU 

4SO 

ConveralonF1do 
n.~-:fuudtl.~: 

BW!da l 

Sourtr. 

Noncl{etjuin:i.J 

NoneJ.lcqmn:J 

0.16 

IJSHPA, I'J'Jl 

Non!!Rcqmn:d 

NoneRLI..JULh .. "t.l 

016 

USEl'A. J')')] 

00(17 

MCL~un:l..l m ::auJy 

{)(1(,7 

Mcaslllcclm~udy 

011(·7 

(1067 

M..:Jsnn:Jin>~.udy 

U(J67 

Ml.murcdm'lluJy 

NOAELdm1c 
C~~~oiU'If:e.-dnl 

16!! 

177 

117 

2{11 

.WI 

7:1)1 

2tll 

LOA~Lduw 

Cm~t.-d•vl 1 

161 

'" 

226 

3o2 

:!57 

3o2 

302 

:w.2 

]U1 

Uoccrtalo F1ttor• (UF) 

hall·r-
~cd•• D11ndoa Ead olat 

NOAEL I.OAEL 
Other Totalur 

NOAEL LOAEI. 

12j 12~ 

DRAFT 

NOAEL TIW LOAl:L 'nt\' 
(PIIVII.R-davl (w~/h.-davl 

3.8E+Ofl 9.uE~oo 

1.1f:t-t.l2 3.61-:+02 

l.UtOI 2.61<:+01 

& liF+IIU i.JJ till 

7.6t.~ll 1.!11<:1{}0 

JAE-+01 7.1£-+01 

6.4E+UU 

l ~!!.+WI J .. H-1(1{1 

3.uF+WI 

4.1l~:HUI fi.OI!:tUII 

:Z.HEL!Hl J.hEIIIfl 

ti.UI?.tlhl 

2.01-:+IJU 3.4JE+OU 

.. Uti-:•110 6.1\E·tOO 

2.tll:.IIIU 3.\ll-tili) 

6.111~ 111(1 

2.111·1(1(1 .1 Ill· IIIII 

4.1\I::+IIU 6Jllr:H)IJ 

Page 15of34 



NOAEL & LOAEL TRVs - COPPER 

Study Fitton 

StudyTt:ll NOAU. lolndy LOAEI. w:udy 
Chcmlt~l Route .Sptcllll Duurioa N Do.c1 Eudpolal woe lppw} eoac (ppm) 

(in;alcr-~a~o:e Nn Udiublc TU\' botnblh,hing 
liiUUIIC (•~;Licr) Studil'' Found 

Circllll'i·!'l>~j.\c CluonLC, -ifl 22 nmmJ!~ [lL"f 
Cinm'c (dill) Jad.~L'Il & ~l<..\\.'li~Llll, I !Jill Cupp~.:t m .. 1Jc Oral Chidcu wccks dt•Sl' gn,up 6 D[lthUL"l'S lkpHLJucllllll 300 4SO 

WLidlile TRVs RFT ~Is Copper 
2171200"t 

(Ocoatrul, ISO, 300, 
Da.1 -l:i1J.6(1(J, 75flppm) 

Couvcnloa F1dor 
{lo:llfnndllr:g 

DW/dn\, 

Sourc:e 

00(,7 

MtasurcdmSiuLiy 

) 
DRAFT 

NO.\EL do!~! I.OAEL dn11: Inter- NOAEL TII.V LOAEL TI.f.V 
Cmltlki:·thvl (ml!lke:-d•vl 1 •pede• Duradua End olat Other Tot•l U¥~ (ml!fke-d•vl (.ul!lk~r.-d•vl 

NOAEL LOAEL NOAEL LOAEL 

2l!\ Ju1 -4.0V.+OU 6.0Jl'.II!U 
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NOAEL & LOAEL TRVs - LEAD 

.!!.Inti) T~~~ N()AI~L lltudy 1.(),\1£1. loludy 

Uewptor .:SIUdV CbeQJICIIII Routa Specie~ D11r11hoa N Do.e• Eadpoial coac huna) «!DC (ppm) 

Cbari~Rivcr ("hwnh., 3 IUannnalspo..:~ u~\:r ~tiu: 

(l\;LIL'r) Scluoo.:d..::o &: /'..loli..h,:.~J..:L. 1 'J?l Soluble lead salt Oral ('I) M1u: go..:~J~'J<ilHHIS Jo1~c ~houp 

W.llcr 
No Rdbbl~ TR\' Ellt•blhbiag 

Hurr\.lh'l:(dicll !'oludl\:~•ouw.l 

No Rcll•bleTRV E••blhblag 
o\lh1l. (11;ol1.·r) ~luoJI~~ l.'umul 

lkn\~lli.Hil I>LI1.U)' !UV' 

('lll<JJlH.:, 

pocn.ll:il+7 2to411lllllalsper 
i\liul, {di~L) llugs uwlll1h \Jose ~wup 

J)JU 

;\h~~d M1r~" Chilies River lhh~\\\L, 3 HI ;mul\3\; r;.:. 
Sd1n>cllcl &. Mllo.hcnc1. 1 !.171 Soluble lad salt Oral l"l) ~hu: j,!l"llCI,IIi<.Jll> i.lo~c gnmp 

W~lu 

M••ked Sbn:w No Rell•blc TRV Ellf:•blhhlll~ 
(di~IJ Siut.liul·umuJ 

lkuvclil•lll W"J,T 1\t'J~ 

No Rell•blc TRV Eltllbli.bin~:: 
lhJ Fox (walu) ~1nilk~ I umui 

lll.!ll\"cii••IIII)L~;11y 11(\'"1 

("luonic, 

\t:\puSUh.! 

(25 m~:l. i"O:! ppm 
inUH.lJ 

(2 rontrol. 25. SO, 
luUppmJ 

(25mg/L -t 0:! ppm 
mdul) 

Reprodu~;ion, 

Gro\\'th 

J11CII~ldl + 7 210 4 aillnabpcr ..l C.>.pOSlll"c.> Repwduction. 
<iwWlh 

AmctiQD No Uelbblc TRV E••blhbln&:; 
lhhha(ll"nli:l") ~lndinl•uuut.l 

Amtric11u 
u .. loi.ll\.t.lid) 

J).:~ivclhllll]llll;IIY.IR'If 

Cllll" S1ullow No Rolilble ffi\' E1t1blhbing 
(wnl~r) ~lndil~ l·unud 

lknvc ti"lll\1 lli~<U)' "ll~V' 

(did) 

,\lm·ric.m No ltdinbl~ "I ltV l::otuhli.l.Jiu~; 
Ki:•lr.-1 (wnur) Slndi<•l·muhl 

Auuricn11 
Knlrci(LikiJ 

Bcltt:d 

lkll\C/illiU J)JoJ,lly"JJ{yl 

Kiu~fhl1cr Nulhli:1hkTHV E~~~hlllli1iug 
(ltllla·r) Studic•Fuuml 

Kin...:li>hlr 
(di.dl 

JlcLI\O.:JiolllliJioJ,I\)' JJ{yi 

Wildlife TRVs RFT ~1:. Le:ild 

l.e.li.lacctatc Oral lliOillhS \Jo.ISCJ;WUjl 

l.l.'.li.lacc!a!c 

l.c.u.iacc!atc 

J.ILL~ 

Cl1111nic, 10 2(Jor-l(l;ulimal~ 

(duringn:prn· 
J11cll<1n) 

Clnonic; 1(J ~(J or 4(! iU1Jlll<il~ 
Oril1 l.qthum hens wccks per i.lo)!: gn,up 

(duJing n.:pll'­
duwou) 

Cl1mnic: 10 ~(J or ~f! annual~ 
Oral 1-t:~hom hen . ., wccks pes do~ ~;roup 

Di~ 

(Junng lt:pJu­
Juclion) 

(2o.unmi.2S.SO, 
l!IO pplll) 

JoL}~fiOSUICS 

Ex.pi-0,2S,S0ppm 

RquOO\lC.I.IOtt 

I.:.>.p 2 .o. so. lOll, (Egg 
:W0.400ppm pwducuon) 

3 ,,r S txposurcs 
nl·produclion 

E:tp 1-0. 2), SO ppm 
bp2·U.50.10l!, (Egg 

200,-IUUppm pwduchon) 

J lll" j C.\jlU~UIC~ 
Rcpwduc1ion 

Exp 1-0.25. SO ppm 
E:<.p]-(1. 50. I(IU, (]:gg 

2!10, ~()U ppm produllil•n) 

("luomc, HJ 2tllll4l!;uumJb Ji>rS~posun.!'> 

(JunngL\:Jll••­
ducthlll) 

l!xp 1-0,25, SO ppm 
E.~p 2 tJ, SO, 1!1{1, (Egl! 

2tJfJ,-100ppm producti<lll) 

25 

1(12 

" 

102 

21 10 

" lO 

ll lO 

Coaver.doaF1ctur 
{l.:~,;foud/Lj; 

BW/d• 

(J.1) 

(1024 

ORNL, 1~% 

tl.2S 

ORNI., I')<J6 

(J\75 

Sax & Lewis. 1 !J~~ 

0175 

Sall & Lo.I'LS, 1911'1 

(1175 

~all & i.l"Wl~, J9H'J 

IJ115 

NO.HJ. dow.: I.OAEI. duw.: luh:r· 
(m&JkK-diiY) (m2fkR-diV) 1 1pec.h~• Durodl.oa i.Dd oial 

NOAEL LOAEL 

NA ~>.25 

!25 '" 

NA 625 

12) 245 

&IS 

-IJII S7l 

43& '" 

"' IUS 

..... 
DRAFT 

NOA.l.L TRV LOAEL 111.V 
OO..er Tot1l \W fme/k~-d•vl (uuu'k.t....:lllv) 

10 
EflLO.:h 

10 
[Jll:ch 

NOAEI. LOAEL 

lo 

50 

l.J[..(IJ 

3.11::-ul 

4.2E-u2 

8JtAIZ 

·1.41· . ..(11 

4.41-:-111 

8.1ft;..(il 

4..11..-ill 

a.n-u1 

-I.41·AII 

S.SE-Ul 

6.3l~1L 

Ul··uU 

:ur~!l 

n.n:-u1 

l . .n:-ut 

2.5JAJI 

..j,JJ:-{11 

8.2£.ill 

H.tll...tll 

\.iE+f\.0 

l.tn:+OO 

k.Ht.-111 

1.8[-tUO 

tUII ~11 

1.11£~ 

Pege 17 o13~ 



NUAEL & LUAEL TRVs • LEAD 

n.eceplor Studv 

!'tblloud Duck No Rdiablc TRV E.Cablhbiag 
(n;11t:rJ StmliuFnuud 

lkn>ch.uu \lu.l,uy J){\~ 

1\l:.llunl nud. 
{dlcf) I:Jcus& ti;u·lh.:h. 1~111 

(;rculcr·S••l:c Nu n~lluhlc 'I ltV E>ll;,blhhlu~ 
(Ornu~c (•tnl.r) Slutlic~h>lmtl 

lh:nvc Ju•m llh!l:u)' tHV' 

(On:ll~·r-Sul:c 

Gnm•c(dil·O l.Jcns&G.~~·IJJJ.l'Jii1 

Woldl,fe TRV~ RFT xl~ ledd 
2171200.? 

Study T~'' 
Chemit~~l lluute Soedc1 Duudoa 

Chn1nic. JIJ 
Lc.td<~cct.:~h: O<al Lcglwm hL:J•~ w~.-u..~ 

(thmug tcptu-

Du:l duchon) 

Chronic: I() 
l.l..'.ciJacclmc 0~1 lcghomh<.11s v.·cch 

(dunngrc(JW· 

I )i~1 Juclion] 

...... , 

Stud Fadon 

NOAEL lludy L<MEL ~ud.\' 
Eadpoial wac (piJm) cone (ppm) 

so 
20ur4Umim.lb 

) 01 ~ 0.:.\[1U)UIC~ 
pcrdus~,;gwup H.cptoduclton 2l 

Exp 1- 0, 25, 50 ppm 
E"p 2-0,50, !110, cE!!g 

20(1,-I(J{Jppm producliMJ) 

so 
:wor'lOIUJmJ.Lls 

) ~If~ ~ptHUI\.'~ 
pcrdosc~;ruup i{\.1JI'OJUCIIIIII 2S 

Exp I· 0, 2S, SO ppm 
E:~.[12 -0, 5(J, 100. (l:gg 

200. ~flO ppm [lfOJUCIJUII) 

Couvenl.oa Fador 
U .. K food!~~; 

BW/dav). 

Source 

0175 

Sax & Lewis. 19!!~ 

0.1?5 

DRAFT 

NOAl':l do~~: I.OAEL du~oe Inter- NOAEL TR\' LOAEL TR\' 
(mldke-d~~ov) {m21'k1-d1Vl 1 1ptde1 Duutloa Ead olal Other Tolal ur (wldkl!-dkvl lm2/ku:-davl 

NOAEL LOAEL NOAEI. LOAEL 

4.-IF-111 IUlJ.'.(IJ 

-DR 11.81>-ut I.Rt:·t·UII 

4.lh 1175 fUII0:.-411 



\.. 

NOAEL & LOAEL TRVs - NICKEL 

lhuptor 

Uct·ri\lil'l 
(ll;ott·r) 

t\liul.(wo~ter) 

i\liu~ (tlic!J 

)\lu~L:cd Shr~n 

{W:LI~l) 

;\l;~~kcd Shrew 

Cdi<IJ 

An:aeric1n 

:::.tnl!h l1 al. 1~')3 

Anthtuwct.d. ]')7/, 

Snulhli.U,I'J'.JJ 

NoRcli•bleTR\' 
Hulliu (\\illlr) l•:atnhliohiui,:~nul) 

.\muk:tn 
l{uhiu (o..lhl) 

Cllfi'S"allow 
(lHIIcr) 

('\ilf~WIIJln\1 

l•lkn 

Denv~ frow d1dary 11t V 

( .uu&l';,!lntJ,l'J!\1 

No Reliable TRV 
binhli.hiu~o:~lno..l) 

Da-~v<! b·uw dietary lltV 

( ~m & l',dlntd, l~Kl 

Autuic.l!l ;o,.o l{dluhlc'll~\' 
Kc•lrd {lllll•·rJ I~Miuhli:J.Jiu~o: .!oiutlr 

. \mcric;111 

Ucllcd 

(IHLlli'J 

(o..lit:l) 

1\-hll•niDm:k 
(1\,oh:r) 

L\llllhud UncL: 
(die!) 

Dcr1v~ frulll dtdary !ltV 

1\'olt.li;LlolcTll\' 

E~tah\h.hin~o: ,l,mLiy 

Dl!f1W lillW dtdary lltV 

CJm&l'..tluLJ,l'JKI 

No Rdl•ble IltV 
J::.,t,.hli·hins.: Scud) 

1>1.-nve fr(lw d1dary ·n~ v 

(;rclll<·r-~lll:C No Ucliuhlc'lll\' 
(irun•c(WIII<'I') E•tllhilo.llins.:Sn•d)' 

DL-rtv<! li-.)w Juury lU V 

(irc;oll·r·S·'I-:'' 
(iuolbc(Jicl) 

W•ldltle TRVs RFT xl~ Nt,kel 
217120[!~ 

Cam .1::. I':Jl~uJ, 1')!11 

Study Tnt NOAl-:1, ~Uti)· 1.0.\[1. loludy 
Cbemlc..l Route Sptcilll Dnnatio11 DoNI £Ddpoilll COliC {ppm) C:Otlt: fppm) 

Ntddchloride 

NiddstJIJhtc 
hc:>..cilt}JtJk 

Long-E\'ans rlunnu.:, -1 ]-1 rl'UI:tkS JlCI 
Oral month Ju~~:gtp 

lllw~pre-

60 illllimalsper 
< h.il l~<ot 3 gl'Ilct.oti(>ll~ Uu.<.c j;l]' 

Long-Evans Chn,ni~:: 4 3-l f~:Jll~k., pC! 

-1 C-~Jlll~UlCS 
(c<mlrol,X.X,XX, 

XX ppm) 

::!SO.SUU.H!(JlJlllll 

lh:prndutlhlll 

l{qltt>Jucttuu 

Nu:kd dlloridc: Orill ll\\111\h J,,,c gt]l 4 1:.\[)l''illl!~ Ro.:pwduc110n 
(II wks pre- (ooutrol, XX, XX, 

Will<.:~ g..:~t~llllll) XX ppmJ 

Nid.clsnlfntc 
j{,ll ] l,!o.!llCJil\Holh Wllllib pd" dOS. l O.jlll~liiCS Hcpttlt.IU~lillll 

llll1 ("hulill\.: ::!~U. 5/10, ]()/10 ppm 

Long-Eva.ns Chwnic: -l J-l fL'tllalcs pl-r 
Oral mouth Llt'!i<:~lp ~ O.:~jl(l~UJC,\ i~o.!Jli"OJUCIWJl 

(llwkspre- (C(lDinll. XX, XX, 

W.tlct g..:~l.t\1•10) XX ppmJ 

Niddsulf~lC 

R.:pttldliCIHIIl 

250, ~011, 100(1 Jll)nl 

Long-E\ aD~ Chronic. 4 ]-liCmnlo; pl..l· 
Oral month dt's~:gt]l 4 o.:~ro~uiC> R .. -pmdu.:IJon 

(\lw'upre- tcooUt•l, XX, XX, 
XX ppm) 

Nid.:cJ . .,ul!;1tC 60awunalspo: 
/tat ) ~cm:IOIIL<11l~ i.li•Scgtp )C-\ptlSUIC,, lt.:pn,Juction 

Dtcl ("hnuu.: 25U,51t1J,l(J{Ju pm 

~1J1J;u·J 36 unim~IS[l<:.L M<lll:tlil)" 
Ntt.kd .'>1Jilillc Oral dud. 9(J days d''''" gtp 3 O.fl•'~llll:~ (iw\1'111, 

ll1.:1 Subhrowc )7(,, 77-1. Ju(,') )fllll Udl:t\Hu 

M:•li:~~J 36anun:Jspl)· Ml>t1alily, 
N1ckd ~,l!,,lc Oral Jud-. 'JO J.,y~ o.lu~.: IPJl 3 CX]Xl~IIICS Cillll\1h. 

Dn.l Subbruui~ 176. 71-1. ](l(o1J pplll /kh~vtnr 

M:lllard J(j Dmmills Jll) Monalitv . 
NiJ..l·l Sl.llliltc Oral dueL ~0 U.iys u,,~ gtp 3 C.\[JO>UCC~ (hOl'.'\11; 

1J1.:1 Subbron:ac 176,774 !(J6'1 ppm 1\chJVHll 

M~llo~~J 3UiliiiiiWISpCI M<•llilltly; 
Nickd ~ulfillC Oral duJ,. ')(J J~ys i.lll~.: ~IT' 3 <:-\posurcs """·'1h; 

!>Jet Sublllowc 176, 77-l,luc,'Jppm lkltalt<'l' 

NkLd ,_,]J;,Ic Oral 

Dtcl 

Ntd.d ~u11ilt.: Otal 
D1ct 

Mall;ui.l 
Jud. <)() J~)~ 

Subliwwc 

90 J,•y~ 
SubinoDJc 

36:ulllnJispL,. Mt>l\;tllly, 
d··~.: [!If> ) 1,;.\flOSUH.:.~ GHl\\th, 

J7!J, 77-l. Wi>:J pp111 n.:hdl·tot 

36i11111llahp.:! !lloLtni•IY, 
J<,s.: fill 3 c.>.Jl<.>Sut..:~ I irowlh. 

176, 774, IU6'.i ppm llcha\itu 

IJ 

500 

13 

500 

13 

500 

1.3 

500 

CoaveralouFedo 
(L:~ Cuutlf L.~: 
BW!d~'!\-

Sonru 

(J(JI( 

BW & FCNS­
EI'A l~!!H~ 

0(1!i 

BW & FCNS­
J]'fl 1!111!!.1 

Nt11H:i{cquucJ 

(){II! 

BW&f'C.:NS­
U'A I<JM!I,, 

NtlncN.cqum:J 

{I(J!I 

BW&.FCNS­
U'A 1<J8!1,, 

01 
Frowstudy 

OJ 
Frow sludy 

(J.\ 

From study 

J>l 

From-RUdy 

OJ 
From study 

OJ 
Frowstudy 

lhu:crtaln faetonll!F\ 

NOJ\EI. dow 1.0•\I::L dn~~: lnler-
(miJ'kt-dey) (melk£-d•vl 1 IPC:ci~tl DundoD Ead oiDI 

NOAEI. LOAEI. 

NA J.Jo 

'" NA 

NA !30 

'" NA 

NA \]0 

"' NA 

NA !311 

"' NA 

77.4 NA 

774 NA 

77.4 NA 

77.4 NA 

'" NA 

774 NA 

./ 
DRAFT 

NOAEL TRV I.OAI-:1. lllV 
Otber Tot•l UFs fwelkr.-day) (wltl'ke-dllV) 

NOAEL LOAEL 

1.4E-{IJ 4.3£.()1 

I.JE+OI 4.0£+01 

8.7E-{)2 2.6[...{11 

II.OE+OO 2.4E+OI 

11.7E-32 l.liE-01 

8.0E+00 l.4E+Ol 

8.7[-()l 2.6E-()l 

i.OE-+00 l.4E+OI 

1.6E+IHI 7.71:-.+illl 

15 15 5.2E+OO l.SUOI 

2.61-:tUil 7.7.1-:tOII 

15 15 5.'1[+00 1.5E+{)I 

2.61::+011 7.71::+1111 

IS 15 5.11!+{10 1.51!+01 

l.6E+OU 7.1E+IHI 

IS 15 S.lE+OO I.SE-+01 

1.61!:+110 7.7l-:-l-ltU 

IS 15 5.lE+OO I.SE+OI 

1.61-'+1111 7.7.1-'+1111 

15 IS S.lE-t-{10 I.SE-+01 

Pag<' 19ol3-4 
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NOAEL & LOAEL TRh MANGANESE 

llc~;o~:plor Studv 

l)~cr I\ II'" 1\'r,Jldi>~hlcTU\' 

{I\ IIIli') l·:~tnbli~hiu~ Stncl\ 
DL'fl'>t!fromdJt1aryTitV 

llc<·r:\li~>.(Jiu) l,r>kcydirll')l):; 

No Reliable TRV 
1\linl.{wlllcr} i':ol.rhli.!riult.'oollul) 

Detl\'e fi,,ru r.lictary TR V 

Mlnl.(<lid) I .r!>lo..~y <1 ,rl 1 'J!S~ 

Muked Shrew No Reliable rnV 
(l~"lLrj i':ktal>lillhiiii!,Slwly 

Den\'t! 6:um r.lit1ary 1R V 

i\lu~L.&·d .'oolrn:u· 
tllld) l.r-kt:y ll ;d \')'A:! 

No Iteli•hlc 'ffi.V 
RetiJiu,(w•ter J:~liihli.hing ~hrdy 

Da1ve Jh,rn dii11U)' 'ffi V 

ltcd l•u1(didl J .• r~kcy l'l ;rl I 'JI\2 

Amcrlcn No Rell•bl• Til\' 
l(ohiu (l>nt~•l l•:•t;thliohin~ Sllhi) 

[knve ti:11w draary Tit V 

,\m~rknu 

Unhiu (dill) l..r~k<.') anJ Ei.lcn~ I !illS 

CllffS,nllow No U.cll•blc 'ffi.V 
l••~tn) 1-:oruhliohin~-:Study 

D .. ·twe 6om dreury TRV 

('1\if.l->"ullnw 
{dill) l..r.,~~.:> arrJ b.lcm l'J~) 

,\m•l'ic;tn r-."u lhli;tiii<.TH\' 
K~otrd tw.,t~n btn!Jiir.hiu~Stutl) 

DawefiuLOd.tr1i1T'JTI{V 

·\mcric:ln 
KL)Irdldicl) I .r~lo..C) :urd b.h:Jb l'J!i) 

lldt~tl 

1\inl!,lhltcr :'IOuUdiu!Jk'llt\' 
(ll;olu) bt.rhliohilll:~lluly 

IJerive frour duury TR V 

llcikd 
1\in~-:fi,lo~r 

(did) irl'l-.cywrJh.l..:~o!>l'Jll5 

Mallard Duck No Rcll•ble TRV 
\1\,tlcr) l::\lul"lli!!ltin~ S111rl) 

Dl!fl\climndil1ary'IRV 

:\f;rltm.l Uud, 
(tJi,·oJ I '"lo..<.:r ,uri.! I:J..:~b I'JH' 

Wtldirl" TRV~ RFT ;.;Is M<~ilQant"" 
2171200~ 

Ch~mical 

~l.m~,ulo.:~.: 

1nuk 

t.cl,urg;url·~~: 

ll~llk 

M.mg~ncs~: 

[l)..ii.ll' 

~lal!!:<rlll'W 
11.\JJc 

Man!!:rncsc 
o.\ii.lc 

ManganL·S~ 

1<.\tJ.: 

M:m[!nncsc 
1<\IJc 

fi,[,U'II,!;r!l<:><' 
1•.\rdc 

Mill'll!olllC~C 
(1\li.l.: 

StudyTttl 
RouW Specie• Dunrion 

2Hdo~y> 

( 1111 l>U[~ h 

01.11 It.n 1:\0.:.,Iilll<'ll) 

CnuQJI 
))1..:\ hlbi~);C 

J1.jJ:r}'.' 
{lhWtrl,!h 

Or~J lt<rt g.:,r.rllt'IL) 
Crrti.:al 

J)ro.:t li 1\:~IJ!!t: 

22-li.IJ)'> 
(tlliUU[!h 

r11 ... i lt:rl gc~l.r\Hrni 

Critical 
Dr a lrbt.r[:C 

:!:!.j tl;ry~ 
(llrl\lU~Ir 

()r,rl lt.rr gl.!)liriWII) 
Critial 

j)Jd hl~>lit!,!~ 

hpntlC>I:' 
Or;rl l.jUiill 15 d~y~ 

Chrowc 

l1i~l C.\p<l~UI"C 

J~p:rn~o;c 

OrJI •Ill~! I 75 day~ 
Chrowc 

I lit:\ C.\p,l\UI<: 

Jnp~nc~c 

Or,rl 411.111 75,J.ry> 
ClrnluJC 

J)H:l C\jl(I~Uit: 

J.rpoillCS<. 
fJL.rl qu,nl 75i.ld)' 

Chwn.ic 
J)lL1 "'"'J'IIl~UIC 

l~txmc.,c 

(!r<rl 4UJil 75Jay> 
Chwn.ic 

llrcl l.\jlll>ul.: 

Convcr1ioo Factor 
(I.Kforulll.:K 

Stu4"¥f,.cton BW!d~'l) \l»ce:rbln Factou(Uf 

NO:\EI...:ndy UHEI.IIItndy N'OAEI.dn.., UHEI.fl<~~~~o: lnh:r- NO..u:LTR\' LOAELUW 
Do~~e• Endpoint I:OPC (ppW) coac(PIJW) Source (mi/k~-cl•vl (PUU1U:.-cln) 

1 
•p~tin Dnraduu Eod oint Other Toul~ lm~:/lu!-dllY) lm~:l\;t-d•vl 

NOAEL I.OAEL NOAEL tOAEI. 

J.;'[HJI ·1.71':1111 

] CliP<'~UI\:~ JkplllJU...lhll\ llOO 355U (JfJti 1!::. 2~-i Z.9t:tUI 9.!iio:IIJI 
350, 1050, 3500 ppm {t DW &: FL'NS-

5U ppm o.,~l JHJ) l:I'A l~JHI:S.r 

tl.liH(r(r :uii-1-U\ 

l.:.\]XlSUfC\ l~cproduellllrr 1\!1(1 355{1 OOH ;.:IS ~~~ ur.+ot !\.7F.-r·lll 
350, 1050, 35UOppw(t BW&FL:NS-

50 ppm h;r;.rl Jill( J:l'A ]<l!;!\;r 

!i.b:\"1'(111 l.tW'~'Hl 

} CXf'liSUl~!o l<i!pl'tlllliC\11111 llOlJ 31\u o.og " i~-1 UE+Ul S.TE+{)l 
350, 1050, 3500 ppm tt- BW& FCNS-

50ppmb.._,ullinll EI'A l'.lll!\,r 

II.Ri-:•011 2.HE·r\JI 

J..:xposurcs ltcproJucttCin 11(1!1 35.)(1 (!Cr)l ~::.. ~;oi-l 1.81~101 5.71-:rOI 
350, 1050, 3500 ppm ft BW & FL:NS • 

51r[lplllh.<,,t1JnJ) I.I'A l'Ji!!l,r 

J .. H'<UI \Uii·HII 

I exposure Gr'll\•1h, N_, 1117 6.SJ::'"OI 2 l)f<~~ 112 
5000 ppm (+56 ppm Aggrc,uive RfJ't.'ltdl iu 

bas.J.li.ltll\ bdtaYII\i' Nonct.:quin.'tl 'Lthh 

J.3t:+ell <i.t!Jl-tlll 

I exposure nrtl\\111, N:\ 'J ~ ; 6.51::101 1 L)~lft:Z 
5000 ppm (+56 ppm Aggressive Rq.'!Pt1cd m 

bas~ I Jrll) Udl.W\111" Noncrcquitctl >lt;J_,. 

1.JF+jrJ 9.1H·+ill 

lexpCisure Gw\\1h. N.\ •)'/'.' 6.!'l-~ • 0 I 2.111-:Hll 
5000pprn (+56 ppm Aggrf!',mve Repm1<.'11in 

bi!\.ildlll) bdt,l\hll' NllllCICI.jUIIr.:d md1 

J.lF+III ~.HE+U! 

I exposure 11ro\\1h, N.\ '!i"l 6.5[+(11 2.0E+Ol 
5000ppm (+56 ppm Aggn;::~sive Rr.>jJOnWn.. 

b~:.J! dill) bclr~Vhll' Noncr.."'.juth:d •l!iJ•, 

J.JI-:<111 9 b~ <Ill 

I exposure lirov.'lh, N:\ \11~ t>.SKIOI l.IJ~ dr::: 
5000 ppm (+56 ppm Aggte!SIVe HcpPnul ur 

ba~al •hill tx:h~vi111' Nom:re41ullb.l ~•r. '·' 
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NOAEL & LUAEL TRVs - MANGANESE 

lleccplur 

(iri:utcr-~••1-:l' 

(;rvu~~~: (•~LIIlT) 

(irculcr-S:•I:l 
(lnm•l (•11~1) 

Nu Udiublt TIH' 
l-:~tllh\i..hhL~ Sllld\ 

Dalvo: frow tlu.1ary 1ll.v 

WLidl1fe TRV:o Rfl xis Manganese 
21712002 

SrudyTnl 
CbeDJie.l Route Sptclca Durarioo 

t.lang:mc~c 

{l),.ilk 

J.1pnn..:~c 

quai I 75 J.1y~ 
Chtowc 

• 

Do au 

I c:llposure 
5000 ppw (+56 ppw 

bJ~.il \Jill) 

NO.U:L ~otudy LO,\EI. lotudy 
l!adpoh1t cone {ppPJ) cone (ppm) 

Cif0111h; 

Alilgressive 
!lo.;hol \'II ~f 

Cgo'f'enloa Fae.tor 
(k¥ fuud 1 1.g 

BW/davl 

Source 

None a:qum:J 

lJnwr1.11ln Facton(ITF 

NO,\FI.do~e I.OAf:l.dolj; hater- NOAELTRV LOAELTitV 
(m!Vk~:-dav) (m2/ke.-dn) 1 1pedea lluntioo End ohn Olher Torall.W (we/lu!:-daVI (ma:lkt-dn) 

1.;7~ 

f(<.'r(>rt.:tllll 
>lll·h 

NOAEL I.OAEL NOAEL I.OAEL 

J.U.t·\11 9.til:o.l-lll 

n.Sr·i·OI 

DRAFT 
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NOAEL & LOAEL TRV>· INORGANIC MERCURY 

Ur.:.cptor Sludv 

Uccrl\1icc ;'ol'o Udi:•hlcTI{V f.oa:~hll~ohln~: 
(\\:llt.l'j ~111tlkMfOIIILII 

lkLHCii.uullL..t,uy 11{\'4 

lkHJ\11u:(tli>IJ Jtc,·•~ l.l ;~l., I ~H') 

No Reliable TRV E1hblhblne 
\linhiiWIIllr) ~uulic~hum<l 

Demo.: h1•1n llt>I.tl)' ikV' 

:\tlnl..{<li!-t) AuknUtl1 ;II, I'J7-l 

MaWe4Sbrew No Reliable lllV E•ablilbinc 
{IIUIH) ~hl<iicMI;mmol 

IJ,:rj,,; ltumlltiJ.uy li:V' 

:\lll•bcd ~hrt'l 
(tl]llj ]h;li>L1ai,I'J!\'J 

No Reliable 'ffiV E•ablilblng 
lbdFo1(watcr) Smdlctlmmd 

llcti•c lwlll lltu.uy 111\"1 

Ucd F<u. (did) Auh.:ndt L1 aJ, I<J7-l 

Amcr:lun Na Reliable 1UV E•ablhblog 
l{uhiu(w,llcr) Stutlic~bmnJ 

lklliCILlllll I)Jll,IJ)' JH\"' 

/uucrk:uJ 
Uuhiu !l]id) Hill & ::-Ut<lll'n..:L \ 11/fo 

CUII'S\nllow No lMiable rnv Elltablhbing 
(•nll~r) ~lmliul•uuntl 

lkn~ciLPm IJtll.ny !Hv< 

(liiJS11ullu11 
(did) lltJI & SJtJnncr, 1'.17(, 

,\nurlc:lll No Udiuhh: 11{\' Jo:l.luhlhhln~ 
Kc•lni(llulcr) ~lntlic•l'uuml 

Jkn\',;!itnu lliLt:uy JHV" 

Amuicau 
Kulrcl (<li~l) IiLII& SJ1ufii11.T, 1')711 

lld!cd 
Kiut:fioh~r Nu ({cil~hlc TU\' l·:•:lhlh,hiu~,; 

(11utcr) ~tmliul;omul 

llW~t: ILLllll llHllll)' JR'I/' 

lkllul 
Kiut:lil~ohcr 

(did} IIlli & SJidlliLCI, l'J7h 

a.hllaniDIIck Na Rcll•ble ffiV E•ablhbioc; 
(1\olllr) Sludlul•onml 

l>..:nvc li<•lllllJu.uy lltV' 

i\hll.m.IUu(k 
1111.:1} IlLli &. SdLJllh~l. \')7(, 

Wildltle TRVt. RFT ~Is Mllrcury-lnorg<lnlc 
21712002 

CbrmiClll U.ouu 

Mclt.UIIt. ~uiLitlL Or.U 

lllt.1 

Mo..:~ cum. 
chJ,nJc o~.,J 

!>tel 

MllLUilL>UiiiJL o~J 

l)j.j 

ML1UIIlt: 
dtilonJc Ot.ol 

llJCI 

M..:rt:uLK 
<.:l1lnnU..: lli:ol 

Dt..:l 

1\ .. JL,cunc 
~:hll•lllk 01,1\ 

))iL1 

Mo.!l.t:Uli~ 
Lh\(llldC 01~11 

])IL1 

MCILL.IIIL 
Liolntidc Ot~l 

llt..:l 

Ma·cum: 
clth>tillc Ota! 

I lt~'1 

Study Ttsl 
Sued1:1 Dundoo 

Chrumc,.:!(l 
,.J\LU~C lllllll\lh 

(wcludo:.l6woutb 
tAJu, ~r l lC[)IlHJ) 

~ubdnomc, 6 
~lin~ Ullllllh 

Cn!H:::alhi:'stage 
{~il u~.. ... clop) 

Chwnic;:!IJ 
!>.luii>C ll\lllllh> 

(illcludt:d 6monti.J 
Hlu> ~p) 1\:jli'•>J) 

Snhcht<llllC, 6 
1\lntlo. Llll>lllh 

CntJcallitstage 
(hitt.k-.dop) 

J~pJili!'>C 

qu~ll Lluontc,lyt.:n 
Criticalliits1age 

(h.dcllilll[:) 

JJpam:>~: 

I]U~il Chwmc. 1 y.:on· 
CnU<:allii:iiage 

(llakhlmg) 

Jap~ncsc 

[jUdi\ ('\m1nic;lycr 
Cnt1.::allii:stage 

thatLhlmg) 

JapdllC\0: 
ljUJII lhrnnu .. , I yc1r 

Criti..:allii:stagl! 
(hi.<ldl]Ull!) 

hp.m..:,; 
qu:ul Chrome. 1 yo.:u 

Cntkal hC Slage 
fh:tiLhlin~) 

j' 

DRAFT 

CouveniouF•ctor 
(l.~:fuud/1.:~: 

Studvlo'actun BW/davl- (lu~rlllin Fadon (UF) 

l\'O.\U.>1utly I.OAEI.Iolnd)' NO.\t-:l.dow.: J.tJAELdua· Jnlcr- NOAELTRV LOAEI.TR\' 
N Do..,l Endpolal C:OMC:(ppta) CODC (ppW) Souru (wl!fl~-d.,-) (m2fllt.-dav) 1 IPnlu Duration Ead alai Otlr.er Totalt~ Cml(ik!l-dllyl Cwldk~~:-d•vl 

NOAEL I.OAEL NOAEI. LOAEL 

lJU 9.> 

RcpHldnclwn 

30c.>.JliiSUICii Monahly, B:! NA ... lU 
(Highest dl.lie= 13 2 ll•~wlogy{hl'l.l. 

mglg-([,,y) l.iJm:yJ NL>ncn:quncd 

tU.9 :!.I 

!Sani.walspc:r Rcptudu..:twn. 
Uuw~n•up 1 C\P<'~UI\: lkv..:h>Jllllcll!~l ,,, ()]]7 \4 N' 1.4 <.1 

Blcavi.u1& 
(IUppm) Aul~:~idl, l'JKI 

1..12 .1.11 

ltcptoducliL•n. 

](J c.>.pt•~mcs Mmtdllly, '" NA l.o '·' (Jllghc::n dose= 13 2 Jlt,lni<>gy(lilu, 

m~.~~.Jt~yl lJJUL)') Nonct'Cljun'CJ 

{1,17 11.5 

IS ililllllalspo RcpwJuclton, 
d\>51!1:(1\oup I CI.J1Cl~ur..: Jkvd,,]lllliJLidl 10 (1]]7 " NA 11.3 1.n 

Blcavws& 
(I(Jpplll) Aululclt,I'J!II 

0.05 H.l 

Hcrnoduclwn. 
S C.\flll~UI'l.'i !l..:vdClp111lll\a\ Ill\:\ 1)-45 I) ~l(j 0Jl9 0.18 

(:!,-l,!l,lb,):!ppm) 0J{NL.19% 

!l.\15 U.J 

lt..:pwduclwn. 
S<;:llpol>Un:s llcvd(lplli>IIIJI 0 IJ.\ () 4.~ U9U 0.119 (LUi 

(:!, 4, 8, 16, 3:! ppm\ ORNI., l<J9fi 

(1,115 ILl 

RcplL'duction, 
:5 CllpO.\LLLCS J),;vclnpmcntJl 11113 (I·H 09(J ii.II!J tl.lH 

(2,4,!!,16,3:!ppm) ORNL, llJ% 

(1.115 11.1 

lkpllldUC!Wil, 
SI!\(XISUI\:'1 (l.,;~ch>pLLLCILI:IJ (!II) (U:5 {11,/(1 1/.(I!J tl.ill 

(:!,4,8,16,3:!ppml ORNL, \\/()(, 

U.ll5 h. I 

l!cptoducti(>JL, 
S.:llp(l>nrl!'i ncvciL•pm..,..tdl 0113 U.·h (ICJ(, 0.(19 tl.UI 

(2, .!. 8, Hi, l~ ppm) ORNL, !9% 
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NOAEL & LOAEL TRVs - INORGANIC MERC!IRY 

u~ceptor Stndv 

Gn·ult't-~'lii~C Nn Ucli.Lhlc '] UV boluhlhhln~o: 
(iruu"'{"LIItl'/ ~tudk1humd 

( in.:ntcr- ~'Ill Ill 
(0nl11.., !dicl) 

llo.:Ji\'0.: ht•LIL lltl,ja:Jy'J](I/' 

llili&.Sd~oillho..T,l!/76 

WoiOI1f~ TRV~ RFT ~ts Mercury-lnorgan1~ 
21712002 

Sn.dyTut 
Cboudcal Ro1.1U Spedu Pllratlop 

tlkn;unc 
<..hlumlc 

bpnno.:so: 
Ur~l qu.ul Chwmc, I y.:.tr 

Cnucalli~~,age 

D1o:1 (liald•lin~) 

N DoNI 

RqnnJuc110n. 
~ l:.\[lOSU!CS DO.::IC]t>[llllcrJ1~] 

(2. ~. 8, 16, l! pplll) 

NOA[L'IIudy 1.0:\I-J,-"LHiy 
cooe(ppm) cooc(ppm) 

Couvordon Factor 
Oq; fuud' L:g 

BW/da 

Soure. 

{)JlJ 

Oi{NI., ]!)<)(, 

DRAFT 

1'\0AEI. du~ I.OA[L do~ lnt..-r· NOAEL TRV LOA.EL TIW 
{mRfke-d•vl (au~lke.•ch"V) 1 t~~edn Duradop Eud olat Othtr TotaltJFi (mtlkll.-diiV) (LDE/kt-davl 

NOAEL LOAEL NOAEL LOAEL 

11.115 0.1 

0 4~ 0'10 0.119 0.1~ 



N0.4f:L & L04llL TRVs ORGANIC MERCURY 

lbceplor Srudv 

U\:er:\1i'-" Nu R~\I·~M~ THV E-.1.-.~h\i·•Mn~ 
(1\,Licl) Sludic~ I· 111111<1 

llcLIV<:IWIIIDhJ.u) JHv" 

llurl\li1.1- (llh·tJ V~:L~hllUICU C\ :11. ]'J/(o 

No Reliable TRV Ettabllllhlag 
:\1ini.(\I;Ucr) Sludlc~ Fnnnd 

JkLL\.;JlJllllllL,J,II)' 11{\rl 

i\lin~ (llidl w,.bo.:.wl.:l:J.I<J7(, 

MukcdShrcw No Rdilblc TRV E••blillbibg 
(IYlll<·r) ,..,lmlil,l·unn.J 

\kiW<:h<•lllJli<l.U'Y JJ('/ 

:'ILL>htl"iilrcll 
(dit:l) Vu~hlLUI..:Jl ~, ;1!, J•Jir, 

Na RcU•blt TRV l'.ll•b1hhhl·ll. 
Utd fa1.(w-at~:r ~llldi~., ... L\11\d 

lkrivcllllm!JuJ;u) !ltV' 

Uu.l J."u.l(I!JCII w,,h....,.:ru.tl I ~7(, 

AmcriCIP No Reliable TRV E••blillb.log 
Uuhln(\\HI<:r\ .Sm<lk~bmnd 

lkll\CiillllliiL!.l,u) llt\tl 

o\mcrkuu 
nuhin (did) IILII&s, •• n::.,l'JH.J 

Cllfi'Sw•llow Na R~ll•blc TRV E•abllllbla& 
(1\,JIH) ~111di~o i-UL\lld 

DCJiv.:lhlllllli<J,uy !ltV' 

l'lilfSuulll•l'" 
idl~o IlLII ,\< ~,ql'). 1~!1-1 

.\uu·ricuLL :\ultcliubh: II{\' bl;ahlhhiua,: 
Kotrd(wat~r) ~tndi~• ~ nund 

lkLLVCiil•lllili<J;u)' !ltV' 

.'\mLricuu 
...:,.~lr..J (did) JhiJ & ~<l.IC'>. l'JH.J 

llcll~tl 

Kln~:.liolll·r l'o.u Udiahl~ Tit\' l,:llluhlhhlua,: 
(I>LLIL'I') ~tntliuhmml 

]krLVl' lll•lllllt!.lOIIY JJt\"0 

lldlul 
l(in~:fi,]H·r 

t<liL'l) 111!1 &. Su.ll'S, I'JH.J 

M•ll•niDuck Na Rellable'm.V E••blhblag 
(II IIlli') ~t"Llinltllmd 

\J<:Liv.; !hun )Ju.l.ol)' li~V" 

1\l.tll.m.l 1)1«~ 
(did) IILll&.Sr·.rc,,l'JIS-l 

W,Jd1Jft1 TRVs RFT -Is M"rcury·OrganLC 
21712002 

Chemical 

1\kthylmcrcmy 
ddtlllJ ... 

M~1hylm<lCUI)" 

chlunJ.: 

M..:thylmu~Lll)' 

~hii•JJJ<.! 

M.:lhylnHJCULy 
chhmllc 

M.Jhylm!.l·~m) 

.:hludd.: 

~]C(h)'llll<lCLII)' 

chlondc 

M~1hylmucu1y 

l..hhlll(.k 

/lk11Lylmcrcury 
.:hluriU~ 

~J<.1h)'I111U~UI)' 

Lllil>Lii.J.: 

Sh1d 

StudyTut 
U.outc Specie• Dnndoa N 

sex JX,. du~c 
01;11 R.ll (hiL11lJO.:,?ycoLL gL"\lUp 

\)Ll", 

Subduonic; 93 5 f~1LlJ!l'.:i ["ICf 
OL~l ~1111).. J,Ly> Jl>~.; I_!I<IU[l 

IJJL1 

SC.((kfJll"-.' 
l)r,L! R;u (hwnic.2yULr I_!IOlljl 

J)Jo,:j 

SuhclunnLc,93 5 R.:m~lc:. pt'l 

0~<11 Mlll~ J,Ly~ dc>!IC ~J\lll["l 

J)i~1 

Jap<m.:>l' 1St1U11Dahpt1" 
lhlll ljLIJLI Chnnli, .. 'JI\U:h i..lli:.Cj!J\IU!J 

DL~1 l'tliJW] h~S(J~C 

Jap.m..:.>c IS aui.walspt1" 
OL-..1 ljU<<il Chromr.\.lwl.ci.> dL'!>cl_!ll•up 

])Jd ('!LIJUL]lJ(!.'>lill!<.! 

J;<[J~II..:.>.; 15aui.w~spa 

Or.Jl quail Chi<lflLC,'JWil:i-;3 Uu:..:t!ll'tiP 

D11..1 Cnli{.:Lilii.:>l;t!;i..' 

IOL[J.IIlC~C 15 an.iwalspt1" 
()r~l l.jUBiJ Chromc,'Jw..ds U\I)Ct\1\IUjl 

lltl'l ( lliiL.;\] hi: Sl~gl' 

J~p:~o.:~~ IS lllim.alspc 
()lOti (jUall t hlL)Ili.:,IJ wuJ,s tJO)C[!l<lU[J 

llt~'\ t'n11111.l hi::s1agc 

• .1 
DRAFT 

Convenloa Facto 
(l!~:ruud/1.:~: 

Jo'1ctou BWid• l Uucert•la FaclonlliJo' 

NOAU.otudy U>AEI.IIndy NOAH. doll.! LOAELdu11: Inlet· NOAELTRV LOA.EL'ffiV 
Do.e1 Endpoint eoue(s.ouwl ""II~ (ppm) Source (ID.t/klil-d.V) {miU'k~t:-davl 1 apc.de• Duntlo11 ... olol Other 'ot•IW (m~K-ciiiY) (W~Il:-diiV) 

NOAEL LOAEL NOAEL LOAEL 

11.1/11~ Uiii'J 

RcpLoi..luciJOLI, 
4 1:.\[lO~Uil'.> IILSh1h1gy 05 :!S (J(J-15 002 011 li.Ol 0.04 

(DCQutroi,O.J, 0.5, Measures in study 
2Sp';1tu\ CLIUlt<.lb 

{Ill~ tJ(I7 

MMahty.Ciiui~l 

6 C~j)<.l)ULC> I I '" 021 (}2-1 0<0 O.Otl o.n 
(Ocootrul,II,J8, (Wt:LghtJOIG, 
4.8,8J,l5ppml ~tal\.i:L) IISU'A.ILJLJ.l 

U.IIUl u.CIII 

Rl'[JLodul.li('Ll. 
4 CX)Xl~UI'..:S llisl<liiJI!Y 05 ~.5 Oo-IS t)!l:! l)l] 1).!1115 U.d2 

{0conuol,O.I,0.5. McasuresmiJUdy 
2Sppm) cllntmh 

1!.113 1\.\LS 

Monality, Cliuillll 
6 l'~p<.l~UI'<:S '0' II " (!.22 02-l u'u (1.0& II. Ill 

(Ol'Ontrol, 1.1, I 8, (waghliO.Ili, 
-l!I.BJ,lSppni) ma\la) 1/SEI'A, l~LJ3 

jiJI.! Ul 

5 C.II[JO>IJI<:~ Surviv,Lhillly 0113 0.2; (J 9U 0.115 ti.IK 
(Ol'Onlrul, 0.12S,O.S, 

2,1Spplll) OltNL, lLJ% 

(I.U:!: lUll) 

St::~i:[JO>UIC> Slllviv~llLiity f!.lll 0.2J [,<)(1 0.05 0.111 
(0con1Toi,OI2S,O.S 

:!,!I ppm\ ORNL, 1•1% 

O.Ul U.l 

5 Cli.j1\ISU!l'~ Sur\ll';.hiluy \)]]] 0 2J U.90 0.05 0.1& 
(0roD.ITL'>i,0J25,05 

2, !I ppm) OHNL, l~'J6 

(l.tl'! U.l 

5 C.'POStU\:~ SuniLIJhtllly U.llJ 023 f•.•)f• o.os O.IR 
(0 control, 0 125,0 S 

2,!ippm) OitNI., J')LJ(i 

(1.112 0\ 

5CX["10Slll'l'S Snni\::LhllLiy 0 II) 0 ~:> ll••ll (1.05 0.19 
(Orontroi,O.l25,0.S 

:!.8ppm) ORNL, 19% 
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NOAEL & LOAEL TRVs - ORGANIC MERCURY 

Ucccptor Saudv 

(irutcr-S;Il:~ No Udi•lhlc TIH' Ellf,lhlhohiug 
(iruu~~ (IY;IIcr) ~indk~ l·uund 

(;rull·r-~••bc 

(irnnol(dicl) 

lk1ivc IH•ILL llid.JJ)' II(\,. 

Hill & ~o,a~.>. I'JIP 

VJ.\(l\l!ll 1fW~Rr1 xis Mercury Org<on•L 
217:20(1:! 

Sh1dy Ji"aclon 

StudyTn1 NOAl:l. ~;~udy I.OAt-:1, llfudy 
CbemlCIIl n.ouu Sacdn Duntlou N Dote I EJulpolnt to at (ppm I eoac (ppm I 

f\h::lliyhlloJ\:UJ)' J,ipilllC~c lSawm..alsp~ 

thhniUc 01.11 qu:.tl l hwnl~. ') WU.'ls dose gwup S t:.\pn~liiC5 Stn\w;•h•lny 
(Ocoutml, 0.12.5, 0.5 

DICI ('LliJ~Jhi:!>l,I!:\C 2,!!pplll) 

• 

CoaYcnioaFactor 
H•b fuudllq; 

BW/day) 

Sour~ 

()111 

OlmL, I!J'JU 

DRAFT 

Uaunalo Factor~ (Uf) 

1\'0AJ..:I. dua: I.O.U:I. do., lnlt:r· NOAEL TRV LOAEL TI(\' 
(mtl\:e.-d.nl fwVke.-davl l 1pcdu Dunrioa Ead oint Other Totall.IY' (mt!lur.-dnl (m!Uk~:-davl 

NOAEJ, I.OAf.l. NOAEL LOAEL 

(\.111 tU 

n.l~ 11.(15 il.lll 
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NOA!lL & L01EL TRVs - SELENIUM 

1Ucc1Jiur 

lllcrl\licv 
(wuh:r) R,,~,:nli.:kl & Jl...:nh l<JS-l 

No Reliable TR\' 
J)..,,r MI..._ (t.lkiJ t:.Jublb.hiu~; ~Indy 

Dai,•e li<'lll Wili.O lRV 

Miul. ("uh·r) ]{o,..:ufcld& lk:tlh l<JS~ 

1\lint..(dict) 

'l:tohdSitnw 
(ll>lllt') 

MukcdSbn"' 
(tli•ll 

NoRdilblcmv 
hi;Jh)b..hllllt SILLLI~ 

D·-r•vc fiuw waJa··ntv 

No UtU11blcTR\' 
lo:.J .. hJj,J,Jn~t~lmh 

Dcri.\1~ fmw war.cr rR V 

No Rdl•blc 1UV 
lh·ll 1 ~~~ (!lilt) hto~hlhbin~t ~hul) 

lk:rt'vcftuw wa.terTRV 

A.m~r:ltiiD No Reliable TRV 
Unhiu (•nllU') l·:~l.thli>hiu~ Snul.\ 

t\tuui~u.n 
l{oloiu (tlit·l) 

CllffSw•llolf 
(1¥>11'-'l') 

C'lifTSw111luw 

{tliL'I) 

,\mcri~illl 

Dcnve frow did;lry TitV 

lkmt.Llal jll!\7 

No Rell11ble TIW 
l .. _l:thlit.ltilllt~llltl)' 

Daivcfi:t,w J1aary lltV 

11..:111/Ll,'i]li)IO 

Kc•lrd (~>Iller) 1-'•luhlil,hiJ•It ~ouly 

\m•·rkan 

lid tell 

Klnl:li~h•r 
(willcr) 

lldtcd 
h:iuatlhh~r 

ldkl) 

M•lhrdD11do 
(wnl<r/ 

i\lull.tll11>nd. 
(tlicl) 

Daivc1tow dJ~aryThV 

iklii£C[ ;~ \')1)7 

Nu J{cliuhh· I'UV 
[~lllhliohln~~: Suttl\ 

lknvefrowdiflarymV 

No R!!l111bl1! TR\' 
}o:otnl•\i.J.i\lllt~lllll) 

Dcnve fr0w dtllary llt V 

lkllllLI ~~ l!.IH7 

Wtldhlto TRVs RFT ~~~ Selentllm 

21712002 

Cbcmlul 

l'01a~~•um 

~C]..:JLdlC 

l'oln>.,ium 
sd • .:JJiih.: 

p,,l,ts~ium 

'i.:1e~t.lh.: 

I'I•W~Silllll 

~.:k.ll,lll.. 

Rouu 

WatCI 

WJII:I 

Study Ten 
Spoclee 

Rill 

\t,ll 

~odtulll ~luJtl..: Oral MJII;uU 

lh<.:l 

~oJJUm Q..:ICIIIk Oral ~J;,IJ:uJ 

IJtL1 

D1ct 

Duutioa 

lyc;u(::! 

1!-..:ncr<ltioth) 
Ctidat! 
ltlbl;tgt 

lyc;~r(2 

I!!CIII:Iolli(lm) 

Ctllh . .iil 

libtag..: 

1 yc.1rO 
g.:ncr,tlllol15) 

(ntii,:tl 

\JiblH~.; 

1 Yl~U(::! 
l,!i.:llCL~lllllh) 

(nth.:il 
\i(l'~[,I[!O.: 

7!!J.ty) 

Cnw:al 
it(blJI,!C 

71'\da}'> 
CnUUill 
hbliigc 

71:1 .l~y.) 
Cnucal 
hblii~l.: 

71:1 d~ys 
Critical 
\i\i:.~ld\\C 

71'\J,Iy) 

Criti.:al 
ilk~l.ll!l' 

Stndv}"aclon 

3.:>-pOSUICS 

15.25,7.5m!l. 

1.5, 2 5, 7 5 m(!/L 

1 5.::!5. 75m•.'l 

1.5 2 5. 7 5 111~ I 

5 cxpo~ure~ 

l, 5, \U, 25, \(IIJ [lj'lll 

1,5.111,25.1l1l<ppu 

\,5,lU.25.10Uppn 

l. S, 10, 1S, WU ppn 

~ OIP0Sures 

1. 5, 10, 25, lil(l J"l[lll 

f.ndpolal 

n~'f'I'OduC[IUII 

RcptMluclituJ 

H.cptuducllou 

H..;ptoduuiun 

J{..:[unJucti<lll 

lh:prudUl'\lf>n 

ltqnudu~lil•ll 

NOAEI. Rudy 
COIIC(ppU!,) 

ll 

15 

15 

J.(MEl.otnd~ 

CGUc(pp[U) 

:u 

10 

10 

w 

10 

\0 

Coovenlouf11d.or 
(l.:gfnnd/li.l! 
DW/dn) 

So11ru 

Oil 
BW& WCNS-

0.\l 
BW& WCNS­

Li'A I~!S!S<\ 

lll) 

BW& WCNS­
EI'I\ I~!S!S.t 

\113 
BW& WCNS­

J:i'A l'l~!l.t 

IJIU 

1!10 

(!l(J 

OH1 

M~sutctlmSiuJy 

011! 

NOAEI.doa: 
{lll.~i!:-diiYI 

II ~ 

It) 

IJ ~ 

,,, 

I.O.U:Ldoa: 

(mefke-davl 1 

ll.ll 

ll;·l 

11\i 

Ill 

lu 

"' 

llilcr­
epeciu 

Uaurtaio F!ldon fllFI 

Dundon Eod oiol 
NOAEL LOAFJ, 

Olher 
NOA£1. TIW LOAEL TR\' 
{mifkt:-diiY) {Witilll.-dn") 

6.61!:-al J.l£-(11 

2.2E-lll 

.1.91•AI2 

3.91:~?: 6.6f.-{IZ 

7•)t.fll l..U.-411 

.l9f.-il2 t>.61~~12 

1..u:~n 

:S.HF-412 I.HE-411 

z.m·~l 

1.111•111 

l.OIAII :l:.OE-01 

l.!IL{I\ 

I.OE-lH l.()[-(11 

5.111-'·112 1.111'·111 

I.OJ.:.-(11 

~.IIF~/2 l.UJ.'~JI 

1.111·:-(1] 

DR.II.FT 
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NDAilL & LVAEL TRYs - SELENIUM 

Stlldv 

Nu ltdi;Lhk lit\' 
(iruu~c (1\,Licrj E•l.li•li>hiug ~lllily 

J)mvefromdidill')'ffiV 

(ircnll·r·Su~:c 

(iruu~l (LI\cl) 

W•ldhle TRV~ RFT xl::. $elen.-•r•' 
2171200;: 

lh.LIIt.l.1<d )'J'6/ 

Cbemlcal 
Study Tr11 

Ro"lc Speciu llun1tion 

I lid 

7~ Jlly.~ 

Cnll.:al 
libt~~l! 

StutlvFaclon 

llo1n 

Saposures 

l,5,HL,2S,I00ppn 

NOAI-:1 . .tud) UJAEL llndy 
Endpoint cone (ppm) c0111: {ppm) 

lt~ptuduclLml 10 

Conver•loa Fado 
(1..~ ruotl/ k~ 

BW/d11vl, 

Souru 

010 

DRAFT 

Unur11in F11cton ({JF) 

NOAl'L do""' LOt\1-.:L du~~e lnh·r· NOAEL 'Il{V LOAEL ·mv 
(miU'ke-dn) (miU'kl!.-diV) 

1 •nedu Duntiou End olnl Other Total ur~ (m.u'kt-cbvl (mlti\1!-Chn•) 
NOAEL LOAF.J. NOAEL I.OAEL 

l.tiH/1 

11.<. l.() 2.111<'-411 
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N04EL & LOAEL TRVs - Sn.\'ER 

Uueplor 

ll•·~r !\lice 
(lt;lkr) 

lkni\li,'l'(flit:l) 

r\Jinl. (tt at~t) 

!\lin\. Ctlkn 

MuhdSbrew 
(IYll\l'fJ 

Muli:c:dSbnw 
(tlhiJ 

lted}'ox(water 

l{~d hll (dkq 

t\J:uerltiiD 
Uubin(";•lcr) 

Amulc11a 
ltobiuhikl) 

CliiJSwlllo" 
(1\nh"l") 

CllffSwallot,. 
(tlict) 

:\1111"1"ica11 
1\.•olrd(\\alUJ 

Amcric11a 
Kn1rd (dil-l) 

Ucllcd 
1\in~lhh~r 

(\\.l[Hj 

lldl~d 

Kin~t6ohcr 

(tiki) 

MallndDudl: 
{\\,l[lr) 

M•llanlnudr 
(die!) 

(;n;U[H-~III;C 

(iLUII~C (n,LIU) 

Gnaler-Sage 
(;LUIIO\'(didJ 

W•ldlL1e lRV~ RFl ~Is 5ilver 
2/71200'1 

ShldY 

1\'HUt:ll.thi~;Tit\' 

hl;thliohln~!'!llltl) 

No Rdlable TR\' 
l·:~taltlltr.hin~ ~llld) 

No Reliable IDV 
blnl•li:.ltin~Snul,\· 

No Reliable lltV 
l·:ot;thlhhin~~uul,r 

No R.tlhble'IRV 
hhthli•hin~:Study 

No Reliable Tit\' 
I•:otuhlhhing Slttlly 

No Rdi•ble TilV 
ht:~hlhhiu~: ~mdy 

Nil Rdlable TR\' 
E•htbli.,hin~: ShuJ~ 

NoRcll•bJcTil\' 
tc.t .. Lolhhiult~lndy 

Nolhliable'ffiV 
l•:olah\i~ohin~: Scully 

No Relhblc rnv 
[~ot;,IJii.hiu~ Smdy 

No Reliable rnv 
l·:.c.tl•llohiu~: ~nul) 

1'\u l~di.thlc nno 
[otnhli~ohin~ St•u.l) 

No R~llablc TRV 
F~1.1hli.hiu~ ~lilt!} 

Nu Ulli;•hl~ 1"1{\' 

l·•l:~hlil.hiu~tMIIdy 

Nn lhlinhk TU\' 
blahli,.,hiul: SILLd}' 

No Rdlable TR\' 
E>•·•"li,hln~t ~~~~u~ 

No Rell•ble TRV 
bluhlio,hiu~o:Mml} 

t<;ol{di.Lhk II{\' 
J·:••••hli.hin!-(~llld) 

No Reliable TRV 
F.ohLil]i..Jiilllt S111dy 

Stud'l F'ilocton 

Sludy Ie11 
Chemlal Ruute Specie~ Dundon N Do..,• 

NOAI-:1, il'ud)' I.OAEI.IItmly 
Endpp]al coat (pl)m) coa.c. (ppm) 

Conversion F•ctor 
(k~,:ruud/1.~,: 

RWfdll'f 

Sour~ 

NOAEI. du~~: 1.0,\[1. do~: hllcr-
lml/k(l.-d.IYI lm2/lul.':-d•vl 1 IPetiu Dundon End olnl 

NO.U:L LOAEL 

DRAFT 

NOAEL ~V l.OAEL TR\' 
Olb.er Total ur (IDVJI-e:-d.v) (11:12/kt.-day) 

NOAEL LOAEL 

" :\:\ 

\,\ \' 

\,\ " 
'\;;\ :'\:\ 

\:\ :\·\ 

;...,\ " 
\.\ ~.\ 

'\':\ '\',.\ 

" ;\·\ 

" \,\ 

\.\ " 
" :0.:.\ 

\,\ :'\.\ 

\.\ \.\ 

:\.\ " 

\.\ .\.\ 

'\.\ ;.,.,, 

\:\ .\\ 

'·' " 
\'•\ :--..\ 
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NU~EL & UHEL TRh - TIIALLI!IM 

lb~ptur 

lh·~r i\li11· 
jnlLICI) 

No Reliable TRV 
u~cr :'olia: (did) i<:~t~blbhin1: 1Jtud~ 

.\liuk(\\Jh:r) 

l\1ink{UiciJ 

1\h~L.ul Slm.'w 
(wullf) 

Derive frow Wiltt TitV 

l'omu~h iJ ;d l'Jii6 

No lhlbbleTRV 
..:~t:Lbli:..hiug ~uul) 

Deri\·e D:ow wal.CJTRV 

Jl.bdl.ed Sbrew No Rel111ble TRV 
{tlill\ hl••l•li~ohinv.Siud) 

Denvefi:owwalcrTRV 

No Relillble TRV 
lh·tll-"ux (dill) E~luhlil,hing Slllt.l) 

Derive&t•wwalaTRV 

Anu:rlc.aa. No Reli•ble TRY 
Jt .. hiu(n.IICrJ hl;~hli>hiug~mdy 

Americ-a No Reliable TRV 
Uuhin uii•·L) F~IHhli.:hing ~IIIII) 

CIIJ!Sw•llo"· No Reli11ble TRV 
(n:.h·r) bluhllohh•gStlu.l) 

Clifi'S1Y•Iiow No Rdilble TRV 
cllidJ E~!.,hlh.hing S111..tl 

t\1\ll.'rl~un No Udiuhl•· Tl{\' 
Knlrd(J'nl•rJ r~t.•hliohing ~tnd) 

Amerieaa No Reliable TRV 
Kcolrd (diet) }<:.t.Jhli.hingStndy 

Hdtld 
Klull.lhln·r Nult.liuhl•"ll{\' 

illilh·l") Eol.liJih.hin~~llu.ly 

Hd!cd 
Kin~:fi•h•r NuUcliahlcTit\' 

(dicll l••~J.Iiohiu~ ~ludy 

M•llndDuck No Rell1ble TR\' 
(>niter] Ell.ihliohiugStntly 

M•ll•rdDuck No Relhblc rnv 
ltlid) Eol.ihl\,hin~: ~rudy 

(;rculcJ-S"gc No Udiuhlc"lll\' 
(inm•~ (\\Iller) J:o:~otuhli.J.,JngStud)· 

Gruter•Sa.:e No Rcll1ble TR\' 
(;mu~oc(dic!) l·:oluhli,j,jJog~lutly 

W•h:llifto TRVs RFT ~~~ Thalhum 
21712002 

ShulyTut 
Cbea~\cal Routt Spccict Dnudoa 

lttt 

ihllilllllli.JIJ.atr Oral 

WmCI 

Jh:•ll•um.'illlato..: Oral 

WuLo.:r 

lt.ll 

(>{) d~y~ 

~ubdti"(Lflh: 

6lJJ,Jy) 

Suh1.:hwn1..: 

60 !.l.JY~ 
Subd1wmL 

60 d;oy~ 
Suh~hromc 

Stu_4]_Facton 

N 

I exposure 

l{lp]llll 

I exposure 

IOj!Jllll 

I exp0sure 

lllppm 

I exposure 

II! pp~n 

NO..\EL wndy UHEI. lludy 
Eudpo(oj I:ODil (ppm) CODC (ppm) 

Reproductton 10 

Maletesliwlar 
fULLCih•ll 

Reproducuou 10 

Maletcsliwlar 
fum:uon 

Reproduction 10 

Malete;tiwlar 
l"unc1wn 

Rcproducttou 10 

Malc:tc;tialiar 
fuLLCIWll 

CoavcrliooFacro 
(kjt; food/~~ 

BW/dav 

Souru 

0.007 

CJCI07 

McasuJI!dm~w.ly 

lJ.007 

Mca'itlll'din..tudy 

00()7 

Mc;t§UJcd 111 ~ndy 

DRAFT 

r.'OA.I-:1. dolll. LOA[L do"" Inter- NOAEL TilV I..OAEL 11tv 
lm2!'kl!-.dav) lm!V'kl!-.dav) 1 tpecln Duradoa Ead olul Other Total UF5 (mit/k~:-.dav) (m!V'kll:-dav) 

NOA£1. LOAEI. NOAEI. LOAEL 

(•!!".'-! 15 II l.fiE-4:1) 4.91:-tl] 

~uhclll\)nu.. 

~ .. U-11.1 IJ.'H-U) 

NA o u~~ 5 I 2j 2:'t 9.'JE-tl~ ).1IE-tl.3 

Sutldnon1c 

l.UI-:-(JJ .5.~E-U3 

~i.\ tJp·:.j 5 I " " 'i.91i...t)4 Ji)i!.-Ol 

~ubclumuc 

:.!.hE-(1"\ 5..9C-l.l.i 

N·\ [o II~~ 5 I " ~5 9.9E-{14 ].0}~-0J 

SuhdliOiliC 

1.111-".(J:\ :'.'11-"../IJ 

\.\ .'\.\ 

"\A :"/<\ 

:\·\ ,,, 

~,\ .\·\ 

"\;\ :'\".\ 

.\.\ \.\ 

:0...:\ :'>.·\ 

"\.\ .\A 
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........ 

NOAEL & LOAEL TRI's - VANADIUM 

ltcccplur 

lh·crl\lil\' 
{1\,ol~l J 

SCudv 

No Reliable ·mv 
llccr Mill> (dkiJ htuhli.hin~ Study 

i\liul. (n,LIU) 

:\linl.(dicl) 

\ta~l.a·d !o.hn·" 
("llh'r) 

M•lkedSbn:w 
(•li~t) 

Dl!fl\'t!&uwwalerTRV 

No Rdbblc: TR\' 
htnblhhingStud) 

Dt:rive .hom wald 1RV 

No Reliable: TRV 
blahlio.hing!o.uuly 

0L'flve fr••W Willcr TRY 

NoRclllblc'ffi\' 
n~d 1-'n1 (di~t) fltilhliait\u\1 Stud) 

Dmve It ow wal~ TRY 

Amrrko.11 No Rc:li•ble TRV 
Uuhin (llul\'rJ l~lit;•hli-.ltilllt.!-.lntly 

Amtricnu 
Uuhln (tl\~1) 

Cllfi'Sw•llo,,. 
(1tlllU) 

C'liiTSw .. ll•"' 
(tllll) 

Dl:nve fr"w dtdll)' TRY 

No Rdl•blt TRY 
btahlio.hiugStutly 

Deri\'e 6:ow diduy TilY 

:\m~ricuu 1\u Urli•thl~ I 1{\' 

K~o.trd (llllll-r) E~r~t.thli~r~I.Iug Stuth 

.\mt·ric;tn 

lldtcd 

lldl~ll 

Kin~:fi•loLL' 
(did) 

(\\OI(LI'J 

1\lul\anl Unci, 

tllkli 

DL'f'IV(' ltow dtdlly rn y 

Wlut~& Ui1..hJ l'J7l! 

Nu Udhlbk Tl~\' 
E11nhli,.hlu~:~tncl) 

Drnvt: 5.om dta:uy TRY 

No Rell•blt 'fRY 
hl:thlil<hiu~Stl!d) 

Daive fww dJaary TitY 

(ir~ul~l-~il(tC Nu Udluhl~ 'lit\' 
Gruuo~ (Will~r) J-:s;t,.hllohlul,l ~tudy 

Cir•·"lcr-Sup· 
(illll\lll'(did) 

l.knv.:fruwdu:tarylllY 

Wlmc&lla.l.:rl!J7g 

WL!dltle TRV3 RFT >-l!i Vanad•um 
2/112002 

Study Tc11 
Clicwle~l Ro111e Spcdn DuutioD 

Sot.hum 
111..:1.1\illhidillC (h,cl 

60 d.ty>pto.; 
1,\C~Iolli<lll 

llllllll!;.h 

l.~<-l~lion, 

Chtt•mc (j,L\oi'O.: 

Sod1u111 
111\:IJIOIIIdJJIC ()J,cl 

MJ d.cy'i pn.:­
t(C~I<tltou 

cluou~h 
J.,~1.cLiou, 

Chwm..: 

St,dium 
mctav;m~d.tt.: Or;,\ 

6Udaysptc· 
gl:station 

tlunugh 
Ja..:lHIIUI\, 
ChtlHLh .. 

Sl,Jium 
nu.:trlvomud~tc Oral Rut 

611 d~ys pn::. 
gc~t.uiC'\n 

lhn•ugh 
~~~tat ion, 
(')lllllllC 

Y;m~Jyl >ulliltc Oral M:tllwJ 12 wu:l-.s 

1Jit1 Cbconic 

VJn~li~J !>llll~t..: 01al Mall;uJ 1:! w~..'Cb 
DtLl Chrowc 

V~nali~-1 ~ulf;.tlc 01al M.t!I&J 12 w..cl.s 
Dic:t Cb..10nic 

Van~liyl sullillc: Oral M.tll.ud 1:! wcc!-.s 
J)tc:\ CllroD..ic 

V.m~li)·llllll;u.: Oral ~l;.t\larJ 1:! 1.1.cd.:> 
Dt~\ Citruwc 

ViillJJyl~oUil~tc Oral M,,ll;ud l:!.w..:cb 

D1..:t Chronic 

Shcd .,.acton 

NO.\EL lllmiy I.OAi<'L ~ud~ 
Do.e1 Eu.dpolol cone (ppm) couc (ppm) 

lh:pcoduclwll 

5,10,:!0mgl\!!t1Jy 

3 C.\po~mc~ H...:pw..:luctwn 

5. I(J, :!Umg/k •Jay 

lh:producuon 

5. 10. :Wmgl't.~.J:t}' 

Mmtality: 
3 exposure~ lll•dywcil:\hl !HI 

2 84, 10.36, I!Opprr 

Mntt~hty, 

3 01posures lll'dY\\dp.hl !HI 
2 84, 10 36, IIOppu 

M0L1Jiity: 
]exposures )l,)dyw~ghl 110 

2 84, 10.36, IIOpprr 

Mm1alny: 
3 C-1p()5Uie5 lludy weight 11(1 

2.8~. 10 36, I 10 ppu 

MOL1~hty: 

-3 exposures u •• uywcight 110 
2 84, 1036, I!Oppn 

Mot1allly, 
3 exposures B .. dy wdght llll 

284 .. 1036 .. 110ppu: 

Cou.vcrl.lou F•etor 
(l..l: fuud/b.g 

8W/d11Vl 

Sourc.e 

NflllCIC']Uill.:d 

None11::quiccd 

Nl>nl:rcquin:J 

Ul(J 

Mcasuredmstudy 

01() 

Measured in study 

OIU 
MeasuredwitUdy 

(J!(J 

Mcas~edin:rudy 

UIU 
Ml!isuredinndy 

010 
Measuredi..u lludy 

ro.'OAU.du:~~.: LO,\[f,du~~e luh.:r- NOAELTRV LOAEI.TRV 
(uudkl!-clly) (rut/ke-chv) 1 1pecln 011r1doa Eod oint Other Totai1JI..5 (m!Ukll:-.davl {wtt/lu:--d.>~vl 

NOAEL I.OAEL NOAI'.L I.OAEL 

jiJ 5.6E-4ll 1.7E+Ou 

1.11-.. Hifl J.JJ-.. 1(111 

I.OI'".iOII 

ii.71•-tll l.hE~ml 

1.3E...OI I .. OE+UO 

to.H-01 2,1)[1011 

).3i!'.-tll 

l.lL+ttll 3.-ll• .. t\IIJ 

II i~ l.]KHl\1 b.llt:~ lou 

1.11:+un J.-IE+Uil 

ll'lK l.Jt::1Uil (l.lik..tOil 

1.n:.ou 

1 I .1~· :! .. Jt:.un 

J.1 t .. Ill(~ 3.-11-t\111 

Ill-. !.)I·: till] 

1.\F-.-110 1.-11-'+Uu 

l i .I~ N.\ '! .. U:+OO 

l.lb·IJ(I J.H>-ttll 

t~:\ l .. n::-tuu OJII:+Ull 
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N04EL & LOAEL TRVo - ZINC 

Receptor Stud~ 

llc<·i·l\llct: Nn ltdi11hlc "IUV E1111hli•hiu~; 
(w111u) Sludin Fuuud 

llo.:IIICIII•Illill,_l.ll)" IHVf 

llnrMicc(dlel) 

r-.uUdinblcTil\'l•:•uhli•bing 
Mi.u.k (water) Stl.idtcl FoiUid 

lkiLI'C lit111! llLi,;I;IIY IHV' 

Mmk(d.J~otJ Au.iCILChctaJ,J99J 

:\luol .. cd Slu~w ~o Uclinbl.., T"V [,c~hli•bln~: 
(w111~r) St\ldin F11u.ad 

:\ln•i..<dSI.in·•• 

(did) 

IJ~tnc ll<•lnlli~Lmy IH.V" 

&:bhdu:r&C(li\, 1968 

Nn Udinhlc TnV bi;thlloliin!: 
Ro:dt',;al{lurer) Shtdio.:l Foii.Ad 

llctiVCllllllllll.:\,n) ]](\1
4 

R.:dl'ol(d.Jcl) Aukncbe!al, 1991 

Am~ricnn No ){dlablc TltV [,t;L11lbhln~; 
lt£.bj_q (w>~lut) St\ld.iu F,;a~o~..~~d 

Amctic;m 
R.ol.ill{dtl:l) 

]),;11\l' ll<lllilll~tmy Jl(\' 4 

SLlhletll, 1911~ 

ClUJ .!.•vu\luw :'l:u Ucli:oh\c 'I nV t:•l:thli>biu~ 
{waicr) Slttdin.-uiUld 

ClifrSnnll"" 
(olict) 

llctn•c lwm lltciJI~ IJ(V
4 

S!ableJ•l,\91:19 

AILI~Li<nu :'l:n ll<hnhk Ill\' i'.ohohlioloin~t 
K~urd (~llltr) Stud.it:l Fu1111d 

lk:t•v~ 1111m l>tc~<uy 11n·• 

,\m..,licnu 
Kntul(dlfl) SLIIb.lclli.,l989 

Ddt.·ti 
h:h•~tli•h<l Nu ltdtnhlc Ill\' ].ohohliol.tma: 

(w•IA:r) St\ldt~oJiuwul 

lkilul 
1\ . .m.:liolocr 

(Wei) 

llclti'C lwmlliCI<II)' IRV 4 

S!ab.le!ai.,I9S9 

l\l:oll,onl llud. Nu llcli<~hlc Til\' Eo1:1hli•hin~ 
(wilier) Sludin F11u..ad 

l\l~ll11rd llud, 
(d,i..,r) S•ahletal, 191i9 

f:unlu-Sna:c r.: .. JldiMLic I'IH'I•'•I"hliol.tina: 
Gnt1u~ (w111er) S1udtc1 Foii.Ad 

lktlv~ t1••nt IJJ~tmy JJ~v· 

W•ldl1fa TRVs RFT ~~~ Zmc 
217/2002 

Stndr J\,.1 
Route Spcc:io:a Daaulioa 

Spr,Lguc- lflamm,,Jspc! 
Zmcox.idc Oul llDwl.:yur <huu11c L!o5es•oup 

llt..:l 

StudyFacton 

no ••• 

2 CAJlU~\IIC~ 

{02%,0-l~<.ZnO) 

l'ctnl J)~vclL>plliClll, 

"'""" 

12 unun.tl~ pc1 Sur\'ival.uluy. 
ZincsuiLuc Oral Cluonic dose group 4 exposures GwWih 

Spt.IIPI~- !0 tmim~!o p~1 
ZWCOi\Lde Oral Pawley rat CJu(lmc do~e: &roup 

D1c1 

{0,500,1000,1500 
ppm) 

(U.2~o.U 4%:Zufl) 

Fctnl ncvcl.IJliUCill, 
Giowtb 

12annnnlspcr SmYtv<•btlny 
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-DRAFT-
Richardson Flat Tailings Site 

Screening Ecological Risk Assessment 

APPENDIXE 

CALCULATION OF EXPOSURE AND 
HAZARD FOR WILDLIFE RECEPTORS 

Ingestion of Surface Water 
Incidental Ingestion of Sediment 

Ingestion of Seep Water 
Incidental Ingestion of Soils & Tailings 

Ingestion of Food Items 
(Plants, Earthworms, Small Mammals, Fish and Benthic Invertebrates) 
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Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor- Greater-Sage Grouse 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug!L) 
Calculated Dose TRV(mg!kg BW/day) 

(mg/kg BW/day) 

Silver Creek -
upstream 

Silver Creek · 
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA =Not Avmlable 
NC = Not Calculated 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

18 

953 
90.0 
4.1 

5,666 

23.0 

165 
75.1 

5.0 
1,426 

68 
17 

0.5 
4.7 

2,380 

10 
2.5 

0.3 
2.5 
II 

17 
7.0 
0.2 
2.0 
98 

HQs greater than 1 are shown in boldface type. 
EPC is equal to the minimum of the 95UCL and the maximum. 

Mercury TRV is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summa.ty 
21712002 

0.0080 
0.4273 
0.0404 
0.0019 
2.5395 

0.0103 
0.0741 

0.0337 
0.0022 
0.6394 

0.0306 
0.0077 
0.0002 
0.0021 
1.0667 

0.0045 
0.0011 

0.00011 
0.0011 
0.0049 

0.0076 
0.0031 

0.00011 
0.0009 
0.0439 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 
0.05 0.10 

13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.0~ 0.10 
13 ' 39 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 

2E-02 2E-03 
1E+OO 5E-Ol 
9E-01 4E-01 
4E-02 2E-02 
2E-Ol 6E-02 

2E+OO JE+OO 

3E-02 3E-03 
2E-Ol 8E-02 
7E-01 4E-OI 
4E-02 2E-02 
5E-02 2E-02 

JE+OO 5E-Ol 

8E-02 9E-03 
2E-02 9E-03 
5E-03 2E-03 
4E-02 2E-02 
8E-02 3E-02 

2E-OJ 7E-02 

IE-02 1E-03 
3E-03 1E-03 
2E-03 1E-03 
2E-02 IE-02 
4E-04 1E-04 

4E-02 2E-02 

2E-02 2E-03 
7E-03 4E-03 
2E-03 IE-03 
2E-02 9E-03 
3E-03 IE-03 

5E-02 2E-02 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor - Mallard Duck 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug/L) 
Calculated Dose TRV(mg/kg BW/day) 
(mg/kg BW/day) 

Silver Creek-
upstream 

Silver Creek-
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA =Not Avmlable 
NC =Not Calculated 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 
TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 
TOTAL Hi 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 
TOTAL Hi 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL Hi 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL Hi 

18 
953 
90.0 
4.1 

5,666 

23.0 

165 
75.1 
5.0 

I ,426 

68 
17 
0.5 
4.7 

2,380 

10 
2.5 
0.3 
2.5 
11 

17 
7.0 
0.2 

I 2.0 
98 

HQs greater than 1 are shown in boldface type. 
EPC is equal to the minimum of the 95UCL and the ma.-.;.imum. 
Mercury TRY is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summary 
21712002 

0.0010 
0.0540 
0.0051 
0.0002 
0.3207 

0.0013 
0.0094 
0.0043 
0.0003 
0.0807 

0.0039 
0.0010 
0.0000 
0.0003 
0.1347 

0.0006 
0.0001 

0.00001 
0.0001 
0.0006 

0.0010 
0.0004 

0.00001 
0.0001 
0.0055 

NOAEL LOAEL 
0.4 3.5 

0.44 0.9 
0.0 0.1 

0.05 0.10 
1, 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0,10 
13 39 

DRAFT 

Surface Water HQ 
NOAEL LOAEL 

2E-03 3E-04 
lE-O! 6E-02 
1E-Ol 6E-02 
5E-03 2E-03 
2E-02 8E-03 
3£-01 iE-01 

3E-03 4E-04 
2E-02 1E-02 
9E-02 5E-02 
6E-03 3E-03 
6E-03 2E-03 

1£-01 6£-02 

9E-03 1E-03 
2E-03 1E-03 
6E-04 3E-04 
5E-03 3E-03 
IE-02 3E-03 

3£-02 9£-03 

1E-03 2E-04 
3E-04 2E-04 
3E-04 2E-04 
3E-03 IE-03 
5E-05 2E-05 

5£-03 2£-03 

2E-03 3E-04 
9E-04 5E-04 
3E-04 2E-04 
2E-03 1E-03 
4E-04 IE-04 

6£-03 2£-03 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor - Belted Kingfisher 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug!L) 
Calculated Dose TRV(mg/kg BW/day) 

(mg/kg BW/day) 

Silver Creek -
upstream 

Silver Creek -
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA- Not Available 

NC = Not Calculated 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

18 

953 

90.0 
4.1 

5,666 

23.0 

165 

75.1 

5.0 
1,426 

68 
17 

0.5 

4.7 
2,380 

10 

2.5 

0.3 

2.5 
I I 

17 

7.0 

0.2 

2.0 

98 

HQs greater than 1 are shown in boldface type. 

EPC is equal to the minimum of the 95UCL and the maximum. 

Mercury TRY is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summary 
"21712002 

0.0020 

0.1057 

0.0100 

0.0005 
0.6283 

0.0026 

0.0183 

0.0083 

0.0006 
0.1582 

0.0076 

0.0019 

0.0001 

0.0005 
0.2639 

0.0011 

0.0003 

0.00003 

0.0003 
0.0012 

0.0019 

0.0008 

0.00003 

0.0002 
0.0109 

NOAEL LOAEL 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 

13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 

13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 

13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 

13 39 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 

5E-03 6E-04 
2E-01 1E-01 
2E-01 1E-01 

9E-03 5E-03 
5E-02 2E-02 

5£-01 3£-01 

6E-03 7E-04 

4E-02 2E-02 

2E-Ol 9E-02 
1E-02 6E-03 
1E-02 4E-03 

3£-01 JE-01 

2E-02 2E-03 
4E-03 2E-03 

1E-03 6E-04 
IE-02 SE-03 
2E-02 7E-03 

5£-01 1£-02 

3E-03 3E-04 
6E-04 3E-04 

6E-04 3E-04 

6E-03 3E-03 
9E-05 3E-05 

JE-01 4£-03 

5E-03 SE-04 

2E-03 9E-04 

6E-04 3E-04 

4E-D3 2E-03 
8E-04 3E-04 

JE-02 4£-03 
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Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor - American Robin 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ng/L) 
Calculated Dose TRV(mg/kg BW/day) 

(mg/kg BW/day) 

Silver Creek-
upstream 

Silver Creek-
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA =Not Available 

NC = Not Calculated 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL Hi 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

18 

953 
90.0 
4.1 

5,666 

23.0 

165 

75.1 

5.0 
1,426 

68 
17 

0.5 
4.7 

2,380 

10 
2.5 

0.3 

2.5 
11 

17 

7.0 
0.2 

2.0 

98 

HQs greater than 1 are shown in boldface type. 

EPC is equal to the minimum of the 95UCL and tile maximum. 

Mtrcury TRY is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summruy 
21712002 

0.0024 

0.1287 

0.0122 

0.0006 
0.7650 

0.0031 

0.0223 

0.0101 

0.0007 
0.1926 

0.0092 
0.0023 

0.0001 

0.0006 
0.3213 

0.0014 

0.0003 
0.00003 

0.0003 
0.0015 

0.0023 
0.0009 

0.00003 

0.0003 ' 
0.0132 

NOAEL LOAEL 
0.4 3.5 
0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 
6E-03 7E-04 

3E-01 1E-01 

3E-01 lE-01 

lE-02 6E-03 
6E-02 2E-02 

6£-01 3£-01 

8E-03 9E-04 

5E-02 3E-02 

2E-01 lE-O 1 

1E-02 7E-03 
lE-02 5E-03 

3£-01 2£-01 

2E-02 3E-03 

5E-03 3E-03 

lE-03 7E-04 

lE-02 6E-03 
2E-02 8E-03 

7£-02 2£-02 

3E-03 4E-04 

8E-04 4E-04 

7E-04 4E-04 

7E-03 3E-03 
1E-04 4E-05 

JE-02 5£-03 

6E-03 7E-04 

2E-03 1E-03 

7E-04 4E-04 

5E-03 3E-03, 
lE-03 3E-04 

JE-02 5£-03 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor- American Kestrel 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug/L) 
Calculated Dose TRV(mg!kg BW/day) 

(mg/kg BW/day) 

Silver Creek -
upstream 

Silver Creek -
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 

I 
Drainages 

NA =Not Avmlable 
NC = Not Calculated 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

18 

953 
90.0 
4.1 

5,666 

23.0 

165 
75.1 

5.0 
1,426 

68 
17 
0.5 
4.7 

2,380 

10 
2.5 
0.3 
2.5 
II 

17 
7.0 
0.2 
2.0 
98 

HQs greater than 1 are shown in boldface type. 

EPC is equal to the minimum of the 95UCL and the maximum. 
Mercury TRV is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summru-y 
~171~00~ 

0.0022 
0.1148 
0.0108 

0.0005 
0.6825 

0.0028 
0.0199 

0.0090 
0.0006 
0.1718 

0.0082 
0.0021 
0.0001 

0.0006 
0.2867 

0.0012 
0.0003 

0.00003 

0.0003 
0.0013 

0.0020 
0.0008 

0.00003 
0.0002 
0.0118 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.05 0.10 
13 39 

DRAFT 

_ Surface Water HQ 

NOAEL LOAEL 

5E-03 6E-04 
3E-OI IE-01 
2E-OI IE-01 
IE-02 5E-03 
5E-02 2E-02 

6£-01 3£-01 

7E-03 8E-04 
5E-02 2E-02 
2E-OI IE-01 
IE-02 6E-03 
IE-02 4E-03 

3£-01 1£-01 

2E-02 2E-03 
5E-03 2E-03 
IE-03 6E-04 
IE-02 6E-03 
2E-02 7E-03 

6£-02 1£-02 

3E-03 3E-04 
7E-04 3E-04 

7E704 3E-04 
6E-03 3E-03 
IE-04 3E-05 

JE-02 4£-03 

5E-03 6E-04 
2E-03 IE-03 

6E-04 3E-04 
5E-03 2E-03 
9E-04 3E-04 

1 E-02 5£-03 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor- Red Fox 

Richardson Flat Tailings 
Screening Ecological Risk Assessmellt 

Designated Reach Parameter EPC (ug!L) 
Calculated Dose TRV(mg/kg BW/day) 
(mg/kg BW/day) 

Silver Creek -
upstream 

Silver Creek -
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA =Not Available 
NC = Not Calculated 

Arsenic 
Lead 

Mercmy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTA.LHI 

18 

953 
90.0 
4.1 

5,666 

23.0 

165 

75.1 
5.0 

1,426 

68 
17 

0.5 
4.7 

2,380 

10 
2.5 
0.3 
2.5 
11 

17 

7.0 
0.2 
2.0 

98 

HQs greater than 1 are shown in boldface type. 
EPC is equal to the minimum of the 95UCL and the maximum. 
Mercury TRY is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Summary 
21712002 

0.0015 
0.0811 
0.0077 
0.0004 
0.4822 

0.0020 
0.0141 

0.0064 
0.0004 
0.1214 

0.0058 
0.0015 
0.0000 
0.0004 
0.2025 

0.0009 
0.0002 

0.00002 
0.0002 
0.0009 

0.0014 

0.0006 
0.00002 
0.0002 
0.0083 

NOAEL LOAEL 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.04 0.07 
39 117 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.04 0.07 
39 117 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.04 0.07 
39 117 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.04 0.07 
39 117 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.04 \ 0.07 
39 117 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 

6E-03 2E-03 
4E-01 2E-Ol 
4E-02 1E-02 
9E-03 5E-03 
lE-02 4E-03 
5£-01 2£-01 

8E-03 3E-03 
7E-02 3E-02 
4E-02 1E-02 
1E-02 6E-03 
3E-03 1E-03 
1£-01 6£-02 
2E-02 8E-03 
7E-03 4E-03 
2E-04 8E-05 
1E-02 6E-03 
5E-03 2E-03 
5£-02 2£-02 

3E-03 1E-03 
1E-03 5E-04 
1E-04 4E-05 
SE-03 3E-03 
2E-05 8E-06 
1£-02 5£-03 

6E-03 2E-03 
3E-03 1E-03 
1E-04 4E-05 
4E-03 3E-03 
2E-04 7E-05 
1£-01 6£-03 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor- Masked Shrew 

Richardson Flat Tailings 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug!L) 
Calculated Dose TRV(mglkg BW/day) 
(mglkg BW/day) 

Silver Creek -
upstream 

Silver Creek -
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA =Not Avmlable 
NC =Not Calculated 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

18 

953 
90.0 
4.1 

5,666 

23.0 

165 
75.1 

5.0 
1,426 

68 
17 

0.5 
4.7 

2,380 

10 
2.5 

0.3 
2.5 
11 

17 

7.0 
0.2 
2,0 

98 

HQs greater than 1 are shown in boldface type. 

EPC is equal to the minimum of the 95UCL and the maximum. 
Mercury TRY is based on inorganic mercury. 

Wildlife Risk_SW rev.xls: HQ Slllmruuy 
21712002 

0.0030 
0.1594 
0.0151 

0.0007 
0.9473 

0.0038 
0.0276 
0.0126 

0.0008 
0.2385 

0.0114 

0.0029 
0.0001 

0.0008 
0.3979 

0.0017 
0.0004 

0.00004 
0.0004 
0.0018 

0.0028 
0.0012 

0.00004 

0.0003 
0.0164 

NOAEL LOAEL 

0.3 0.8 
0.04 0.1 

1.3 4.0 
0.04 0.07 

12 24 

0.3 0.8 
0.04 0.1 

1.3 4.0 
0.04 0.07 

12 24 

0.3 0.8 
0.04 0.1 

1.3 4.0 
0.04 0.07 
12 24 

0.3 0.8 
0.04 0.1 

1.3 4.0 
0.04 0.07 

12 24 

0.3 0.8 
0.04 0.1 

1.3 4.0 
0.04 0.07 

12 24 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 

1E-02 4E-03 
4E+OO lE+OO 
1E-02 4E-03 
2E-02 1E-02 
8E-02 4E-02 

4E+OO IE+OO 

2E-02 5E-03 
7E-01 2E-Ol 
lE-02 3E-03 
2E-02 lE-02 
2E-02 lE-02 

7£-01 3£-01 

5E-02 2E-02 
7E-02 2E-02 
6E-05 2E-05 
2E-02 1E-02 
3E-02 2E-02 
}£-01 7£-0} 

7E-03 2E-03 
!E-02 3E-03 

3E-05 lE-05 
1E-02 6E-03 
2E-04 8E-05 

3£-0} JE-01 

lE-02 4E-03 
3E-02 9E-03 
3E-05 lE-05 

I 8E-03 5E-03 
lE-03 7E-04 

5£-0} }£-0} 



. I 

Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor - Mink 

Richardso11 Flat Tailiugs 
Screening Ecological Risk Assessment 

Designated Reach Parameter EPC (ug/L) 
Calculated Dose TRV(mg/kg BW/day) 

(mg/kg BW/day) 

Silver Creek-
upstream 

Silver Creek -
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA = Not A vmlable 

NC = Not Calculated 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

18 

953 

90.0 
4.1 

5,666 

23.0 

165 

75.1 

5.0 
1,426 

68 
17 

0.5 
4.7 

2,380 

10 
? --.) 

0.3 
2.5 
II 

17 

7.0 

0.2 

2.0 

98 

HQs greater than 1 are shown in boldface type. 

EPC is equal to the minimum oftbe 95UCL and tlle maximum. 

Mercury TR V is based on inorganic mercury . 

Wildlife Risk_SW rev.xls: HQ Summary 
'2171'2002 

0.0019 

0.1001 

0.0095 

0.0004 
0.5948 

0.0024 

0.0174 

0.0079 

0.0005 
0.1498 

0.0072 

0.0018 

0.0001 

0.0005 
0.2499 

0.0010 

0.0003 

0.00003 

0.0003 
0.0012 

0.0018 

0.0007 

0.00003 

0.0002 
0.0103 

NOAEL LOAEL 

0.3 0.8 

0.16 0.3 

0.7 2.1 

0.04 0.07 
156 467 

0.3 0.8 

0.16 0.3 

0.7 2.1 

0.04 0.07 
156 467 

0.3 0.8 

0.16 0.3 

0.7 2.1 

0.04 O.D7 
156 467 

0.3 0.8 

0.16 0.3 

0.7 2.1 

0.04 0.07 
156 467 

0.3 0.8 

0.16 0.3 

0.7 2.1 

0.04 O.D7 
156 467 

DRAFT 

Surface Water HQ 

NOAEL I LOAEL 

7E-03 2E-03 

6E-01 3E-01 
1E-02 5E-03 
IE-02 7E-03 
4E-03 1E-03 

7£-01 3£-01 

IE-02 3E-03 
IE-01 6E-02 

IE-02 4E-03 

IE-02 8E-03 
IE-03 3E-04 

1£-01 7£-0] 

3E-02 9E-03 

IE-02 6E-03 

7E-05 2E-05 

IE-02 8E-03 
2E-03 5E-04 

5£-0] ]£-02 

4E-03 IE-03 

2E-03 9E-04 

4E-05 IE-05 

7E-03 4E-03 
7E-06 2E-06 

JE-02 6£-03 

7E-03 2E-03 

5E-03 2E-03 

4E-05 1E-05 

5E-03 
' 

3E-03 
7E-05 2E-05 

]£-02 8£-03 



Hazard Quotients (HQs) for the Ingestion of Surface Water 
Wildlife Receptor- Deer Mice 

Richardson Flat Tailings 
Screenlng Ecological Risk Assessment 

Designated Reach Parameter EPC (ug/L) 
Calculated Dose TRV(mg/kg BW/day) 

(mg/kg BW/day) 

Silver Creek -
upstream 

Silver Creek-
downstream 

South Diversion 
Ditch 

Ponded Water 

Unnamed 
Drainages 

NA- Not Avmlable 
NC = Not Calculated 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

18 

953 

90.0 
4.1 

5,61'i6 

23.0 

165 

75.1 

5.0 
1,426 

68 
17 

0.5 
4.7 

2,380 

10 

2.5 

0.3 
2.5 
11 

17 

7.0 

0.2 

2.0 

98 

HQs greater than I are shown in boldface type. 

EPC is equal to the minimum of the 95UCL and the maximum. 
Mercury TRV is based on inorganic mercury. 

Wildlife Risk_SW rev.x.ls: HQ Swnrnmy 
21712002 

0.0026 

0.1403 

0.0132 

0.0006 
0.8337 

0.0034 

0.0243 

0.0 Ill 

0.0007 
0.2099 

0.0100 

0.0025 

0.0001 

0.0007 
0.3502 

0.0015 

0.0004 

0.00004 

0.0004 
0.0016 

0.0025 

0.0010 

0.00004 

0.0003 
0.0144 

NOAEL LOAEL 

1.3 3.8 

0.21 0.6 

3.3 9.9 

0.07 0.11 
20 40 

1.3 3.8 

0.21 0.6 

3.3 9.9 

0.07 0.11 

20 40 

1.3 3.8 

0.21 0.6 

3.3 9.9 

0.07 0.11 

20 40 

1.3 3.8 

0.21 0.6 

3.3 9.9 

0.07 0.11 

20 40 

1.3 3.8 

0.21 0.6 

3.3 9.9 

0.07 0.11 

20 40 

DRAFT 

Surface Water HQ 

NOAEL LOAEL 

2E-03 7E-04 
7E-Ol 2E-Ol 
4E-03 IE-03 
9E-03 6E-03 
4E-02 2E-02 

7£-01 3£-01 

3E-03 9E-04 
lE-O! 4E-02 

3E-03 lE-03 
IE-02 7E-03 
IE-02 5E-03 

1£-01 5£-02 

8E-03 3E-03 
IE-02 4E-03 
2E-05 7E-06 
lE-02 6E-03 
2E-02 9E-03 

5£-0] JE-02 

lE-03 4E-04 

2E-03 6E-04 

lE-05 4E-06 

6E-03 3E-03 
8E-05 4E-05 

9£-03 4£-03 

2E-03 7E-04 

5E-03 2E-03 

lE-05 4E-06 

4E-03 3E-O~ 

7E-04 4E-04 

1£-02 5£-03 



Hazard Quotients (HQs) for the Incidental Ingestion of Sediment 
Wildlife Receptor- Belted Kingrlliher 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Designated Reach 

Upstream Silver 
Creek 

Downstream Silver 
Creek 

South Diversion 
Ditch 

\\'etlands .-\rea 

NA Not A vrulabk 

NC =Not Calculated 

Parameter 

Aluminum 

Antimony 

Arsenic 
Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 

TOTAL HI 
Aluminum 

Antimony 
Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lend 

Manganese 

Mercury 
Nickel 

Selenium 

Thallium 
Vanadium 

Zinc 

TOTAL HI 
Aluminum 

Antimony 

Arsenic 
Barium 

Cadmium 
Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 
Thallium 

Vanadium 

Zinc 

TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 
Mercury 

Nickel 

Selenium 
Thallium 

Vanadium 

Zinc 

TOTAL HI 

EPC(mg/kg) 

15,220 

SS9 

1,735 

NA 

179 

42 
NA 

2,559 

42,990 

NA 

1.6 

NA 

32 

NA 

NA 

44,560 

11,590 

140 

341 

NA 

58 

32 

NA 

766 

11,130 

NA 

0.44 

NA 

II 

NA 

NA 

11,950 

15,125 

93 

163 

NA 

66.2 

23.5 

NA 

270 
3,042 

NA 

1.6 

NA 
7.0 

NA 

NA 

12,000 

2s;soo 

99 

299.S 

562 
93.1 

62.4 

20 
725 

6,520 

42,000 

8.2 
97.2 

43.1 

12.16 

70.6 

15.200 

HQs greater than one are shown in boldfa<e type. 

CalcuJated Dose 
(mglkg BW/day) 

20.4072 

1.1920 

2.3263 
NA 

0.2400 

0.0563 

NA 

3.4311 

57.6417 

NA 

0.0021 

NA 

0.0429 

NA 

NA 

59.7468 

15.5401 

0.1877 

0.4572 

NA 

O.CI77S 

0.0429 

NA 

1.0271 

14.9233 

NA 

0.0006 

NA 

0.0!47 

NA 

NA 

16.0228 

:20.2804 

0.1245 

0.21S4 

NA 

0.0887 

0.0315 

NA 

0.3615 

4.0786 

NA 

0.0021 

NA 

0.0094 

NA 

NA 

16.0898 

38.6155 

0.1327 

0.4019 

0.7535 

0.1248 

0.0837 

0.0268 

0.9721 

8.7421 

56.3143 

0.0110 

0.1303 
0.057S 

0.0163 

0.0947 

20.3804 

EPC is equal to the minunum of the 95UCL and the ma'\.imum. 

Mercury TRV is based on inorganic mercury. 

Wildlife Ri:!k ScJ rev.~J;;: HQ Sunlltu..U")' Pag~ I vf I 

TRV 
(mglkg 

RW/ll•v\ 

7.0 

NA 

O.S 

2.S 

0.09 

0.2 
0.3 

4.0 

0.9 

65 

0.09 

5.2 

0.100 

NA 

2.3 

26 

7.0 

NA 

O.S 

2.S 

0.09 

0.2 

0.3 

4.0 

0.9 

65 

0.09 

5.2 

0.100 

NA 

2.3 
26 

7.0 

NA 

O.S 

2.8 

0.09 

0.2 

0.3 
4.0 

u.9 

65 

0.09 

5.2 

0.100 

NA 

2.3 

26 

7.0 

NA 

O.S 

2.S 

o.u9 

0.2 

0.3 
4.0 

0.9 

65 

0.09 

5.2 

0.100 

NA 

2.3 

26 

~:rn7 

(mg/kg 
RU!Irt ... ;, 

35 
NA 
7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

I.S 

195 

O.lS 

15 

0.20 

NA 

6.S 

79 

35 

NA 

7.1 

5.6 
2.4 

1.0 

0.5 
6.0 

l.S 

!95 

0.13 

15 

0.20 

NA 

6.S 

79 

35 

NA 

7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

l.S 

195 

0.1 s 

15 

0.20 

NA 

6.S 

79 

35 

NA 
7.1 

5.6 

2.4 

!.0 

0.5 

6.0 

!.S 

195 

0.1 s 

15 

0.20 

NA 

6.8 

79 

DRAFT 

Sediment Ingestion HQ 

NOAEL LOAEL 

3E+OO 6E-ol 

NC NC 
3E+OO 3E-Ol 

NC NC 

3E+OO lE-01 

3E-Ol 6E-02 

NC NC 
9E-01 6E-01 

7E+OI 3E+OI 

NC NC 

2E-02 lE-02 

NC NC 

4E-Ol 2E-Ol 

NC NC 

NC NC 
2E+OO 8E-Ol 

8E+Ol 4E-Hil 

2E+OO 4E-lll 

NC NC 
6E-Ol 6E-02 

NC NC 
9E-Ol 3E-02 

2E-(J! 4E-02 

NC NC 
3E-Ol 2E-Ol 

2E+O! 9E+OO 

NC NC 

7E-03 3E-03 

NC NC 
!E-O! ?E-02 

NC NC 

NC NC 

6E-01 2E-OI 

2E+Ol lE-+01 
3E+OO 6E-Ol 

NC NC 

3E-OI 3E-02 

NC NC 

lE+OO 4E-02 

2E-Ol 3E-!.l2 

NC NC 

9E-02 6E-ll2 

SE+OO 2E+OO 

NC NC 
2E-ll2 lE-02 

NC NC 
9E-02 5E-02 

NC NC 

NC NC 

6E-Ol 2E-Ol 

lE+Ol 3E+OO 

6E+OO lE+oo 

NC NC 
5E-Ol 6E-tl2 
3E-Ol lE-ol 

!E+OO 5E-02 
4E-Ol SE-02 

lE-01 SE-02 

2E-Ol 2E-Ol 

IE +Of SE+OO 

9E-Ol 3E-ol 

lE-01 6E-02 

3E-02 SE-03 

6E-Ol 3E-lll 

NC NC 

4E-u2 lE-02 

8E-01 3E-Ol 

2E+Ol 8E+OO 



) 

Hazard Quotients (HQs) for the Incidental Ingestion of Sediment 
Wildlife Recepto1·- Mallard Duck 

Richardson Flat Tailings Site 
Screening Ecologr'cal Risk Assessment 

Designated Reach 

Upstream Silver 
Creek 

Downstream Silve-r 
Creek 

South Di.,·ersiou 
Ditch 

\Vetlauds Art"a 

NA - Not A V::lilable 

NC =Not Calculated 

Parameter 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 
Cobalt 

Copper 

Lead 
Mangane:)e 

Mercury 
Nickel 

Sf'1enlum 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Leod 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 
Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 

EPC (mg/kg) 

15.2:!0 

339 

I ,735 

NA 

179 

42 
NA 

2,559 

42.990 

NA 

1.6 

NA 

32 
NA 

NA 

44,560 

1[.59(1 

140 

341 

NA 

53 

32 
NA 

766 

11,130 

NA 

0.44 

NA 

11 

NA 

NA 

11.950 

15,125 

93 

!63 

NA 

66.2 

23.5 

NA 

270 

3.042 

NA 

1.6 

NA 

7.0 

NA 

NA 

12,000 

2S.SUll 

99 

299.8 

562 
93.1 

62.4 
20 

725 

6,520 
42,000 

3.2 

97.2 

43.1 

12.16 

70.6 

15,200 

HQs greater than one arc shown in bo1dfa<e type. 

Calculated Dose 
(mg/kg BW/day) 

2U.~S29 

1.1347 

2.3121 

NA 

U.23S5 

0.0560 

NA 

3.4102 

57.2905 

NA 

0.0021 

NA 

0.0426 

NA 

NA 

59.3827 

15.4454 

0.1366 

0.4544 

NA 

0.0773 

0.0426 

NA 

l.02U3 

14.3324 

NA 

0.0006 

NA 
0.0147 

NA 

NA 

15.9251 

20.1569 

0.1233 

0.2171 

NA 

O.OSS2 

0,0313 

NA 

0.3593 

4.0533 

NA 

0.0021 

NA 

0.0093 

NA 

NA 

15.9918 

3S.3S02 

0.1319 

0.3995 

0.7439 

0.!241 

O.U83~ 

0.0267 

0.9662 

S.6SS9 

55.9712 

0.0109 

0.1295 

0.0574 

0.0162 

0.0941 

20.2562 

EPC is equal to the minimum of the 95UCL and the maximum. 

Mercury TRV is based on inorganic mercury. 

\Vilillife R~o:;k._Scd rcv.xk HQ Swnmary Pnge l of I 

TRY 
(mg/kg 

RU!/dau\ 

7.0 

NA 

0.3 

2.S 
0.09 
0.2 

0.3 
4.0 

0.9 
65 

0.09 

5.2 

0.100 

NA 

2.3 
26 

7.0 

NA 

0.3 

2.S 

0.09 

0.2 
0.3 
4.0 

0.9 

65 

0.09 

5.2 

0.100 

NA 

2.3 

26 

7.0 

NA 

0.3 

2.S 

0.09 

0.2 
U.3 

4.0 

0.9 

65 

0.09 

5.2 
0.100 

NA 

2.3 

26 

7.0 

NA 

0.3 
2.8 

U.U9 

0.2 
(.J.3 

4.0 

0.9 

65 
0_()9 

5.2 
U.lOO 

NA 

2.3 

26 

TRY 
(mg/kg 

RW/dau\ 

35 

NA 

7.1 

5.6 

1.4 
1.0 

0.5 

6.0 

1.3 

195 

0.1 s 
15 

0.20 

NA 

6.3 

79 

35 

NA 

7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

l.S 

195 

0.13 

15 

0.20 

NA 

6.S 

79 

35 

NA 

7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

1.3 

195 

0.13 

15 

0.20 

NA 

6.S 

79 

35 
NA 

7.1 

5.6 

2.-4 

1.0 

0.5 

6.0 

I.S 
195 

U.l 3 

15 

0.20 

NA 

6.3 

79 

DRAFT 

Sediment btgestion HQ 

NOAEL LOAEL 

3E+OO 6E-Ul 

NC NC 

3E+1l0 3E-Ol 

NC NC 

3E+1JO lE-01 

36-01 66-02 

NC NC 
SE-01 6E-OI 

7E+1ll 3E+Ol 

NC NC 

26-02 lE-02 

NC NC 

46-01 2E-01 

NC NC 

NC NC 

2E-HIO 8E-{)1 

8E-Hil 4E-Hil 

!E+OO 4E-Ol 

NC NC 

6E-Ul 6E-02 

NC NC 

96-01 3E-02 

26-01 46-02 

NC NC 

36-01 2E-Ol 

2E+1ll SE+OO 

NC NC 

66-03 3E·03 

NC NC 
16-01 76-02 

NC NC 

NC NC 

6E-01 2E-{)1 

2E-Hil lE-Hil 

3E+1JO 6E-01 

NC NC 
3E-Ol 3E-02 

NC NC 

16+00 4E-02 

26-01 3E-02 

NC NC 

96-02 6E-02 

SE+OO !E+OO 

NC NC 

2E-02 IE-02 

NC NC 
96-02 56-02 

NC NC 

NC NC 
6E-{)l 2E-{)1 

lE-Hil 3E-HIO 

SE+OO lbUO 

NC NC 

5E-01 66-u2 

36-0 l IE-01 

16+00 5E-02 

4E-OI 36-02 

lE-01 5E-02 

2E-O! 26-01 

1E+1ll SE+1JO 

9E-OI 36-01 

IE-OJ 66-02 

3E-02 3E-i'l3 

66-Ul 3E-Ol 

NC NC 

4E-!.l2 lE-U2 

8E-{)1 3E-{)1 

2E-Hil 8E-HIO 



_;; 

Hazard Quotients (IIQs) fo1· the Incidental Ingestion of Sediment 
Wildlife Receptor - Mink 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Designated Reach 

Upstream Silver 
Creek 

Downstream Silver 
Creek 

South Diversion 
Ditch 

\Vctlands .-\rea 

NA Not A vnilabl~ 

NC ""Not Calculated 

Parameter 

Alummum 

Antunony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 
Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 

TOTAL HI 

Alummum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 
Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 

TOTAL HI 

Alummum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 
Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 

TOTAL HI 

:-\lummum 

A .. ntimony 

Arsentc 

Barium 

Cadmtum 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 

TOTAL HI 

EPC (mglkg) 

15.220 

889 

1.735 

NA 

179 

42 
NA 

2.559 

42,990 

NA 

1.6 

NA 

32 

NA 

NA 

44,560 

11,590 

140 

341 

NA 

58 
'0 

'" 
NA 

766 

11,130 

NA 

0.44 

NA 

II 

NA 

NA 

11,950 

15,125 

93 

!63 

NA 

66.2 

23.5 

NA 

270 

3.042 

NA 

1.6 

NA 

7.0 

NA 

NA 

12.000 

2S,SOU 

99 

299.S 

562 

93.1 

62.4 

20 

725 

6.520 

42,000 

3.2 

97.2 

43.1 

12.16 

70.6 

15,200 

HQs greater than one are sho'WD. in bol.d.fue type. 

Calculated Dose 
(mgfkg B\V/day) 

6.091)7 

0.3558 
0.6943 

NA 

0.0716 

0.0168 

NA 

1.0241 

17.2037 

NA 

0.0006 

NA 

o.u 128 

NA 

NA 

17.8320 

4.638 I 

0.0560 

0.1365 

NA 

0.0232 

O.lll2S 

NA 

0.3065 

4.4540 

NA 

0.0002 

NA 

0.0044 

NA 

NA 

4.7821 

6.0529 

0.0372 

0.0652 

NA 

0.0265 

O.OU94 

NA 

0.1079 

1.2173 

NA 

0.0006 

NA 

0.0028 

NA 

NA 

4.8022 

11.5252 

0.0396 

0.1200 

0.2249 

0.0373 

O.U250 

O.OOSO 

0.2901 

2.6092 

!6.S076 

0 .. 0033 

0.03S9 

0.017'2 

U.U049 

0.0283 

6.0827 

EPC is equal to the minimum of the 95UCL and the maximum. 

Mercury TRV is based on inorganic mercury. 

\Vi1dlite Ri;;k._$.:J rev.xb: HQ SUlillllllry 

"~~ 

TRV 
(mglkg 

RW/dov\ 

1.4 

O.Ul 

0.2 

2.0 

0.50 

800 

1.3 

s.s 
0.3 

IS 

1.37 

8.0 

0.079 

0.002 

0.7 

311 

1.4 

u.OI 

0.2 

2.0 

0.50 

SOIJ 
l.3 

S.S 

0.3 

IS 

1.37 

s.u 
l>.079 

0.002 

0.7 

311 

1.4 

0.01 

0.2 
2.0 

0.50 

sou 

1.3 

S.S 

0.3 
IS 

1.37 

s.u 
0.079 

0.002 

0.7 

311 

1.4 

0.01 

0 .. 2 
2.0 

0.50 

800 

1.3 

s.s 
0..3 
IS 

1.37 

S.O 

0.079 

0.002 

0.7 

311 

~~~ 

TRV 
(rug/kg 

RW!ilcn..7\ 

7 

O.ll2 

0.5 

6.1 

1.0 

2400.0 

4.0 

12.8 

0.6 

57 

4.11 

24 

0.13 

0.01 

2.0 

933 

7 

O.U2 

0.5 

6.1 

1.0 

2400.ll 

4.0 

12.8 

0.6 

57 

4.11 

24 

0.13 

0.0 I 

2.0 

933 

7 

0.02 

0.5 

6.1 

1.0 

2400.0 
4.(1 

12.S 

0.6 

57 

4.11 

24 

0. !3 

O.U1 

2.0 

933 

7 

O.ll2 

0 .. 5 

6.1 

l.U 

2400.0 

-1.0 

12.S 

0.6 

57 

4.11 

24 

0.13 

O.Ul 

2.0 

933 

DRAFT 

Sediment Ingestion HQ 

NOAEL LOAEL 

.JE+OO 9E-Oi 

6E+OI 2E+O! 

SE+OO 2E+OO 

NC NC 

lE-O! 7E-02 

2E-05 7E-06 

NC NC 

IE-OJ SE-02 

6E+OI 3E+OI 

NC NC 

SE-04 2E-04 

NC NC 

2E-Ol lE-O! 

NC NC 

NC NC 

6E-02 ZE-02 

1E+02 SE+Ol 

3E+OO 7E-01 

9E+OO 3E+OO 

9E-01 3E-Oi 

NC NC 

SE-02 2E-O:! 
ZE-05 5E-06 

NC NC 

3E-02 :ZE-02 

IE+Ol 7E+OO 

NC NC 

1E-04 4E-05 

NC NC 

6E-02 3E-02 

NC NC 

NC NC 

2E-02 SE-03 

3E+Ol lE+Ol 

4E+OO 9E-Ul 

6E+OO 2E+OO 

4E-U1 lE-O! 

NC NC 

SE-02 3E-02 

IE-05 4E-06 

NC NC 

IE-02 SE-ll3 

.JE+OO 2E+OO 

NC NC 

5E-04 2E-04 

NC NC 

4E-02 2E-02 

NC NC 

NC NC 

2E-02 SE-03 

lE+Ol SE+OO 

8E+OO 2E+OO 

6E+OO 2E+OO 

SE-ll! 3E-Ul 

IE-ll1 -IE-U2 

SE-U2 4E-tl2 

3E-U5 IE-U5 

6E-03 2E-03 

3E-02 2E-t>2 
8E+OO 4E+OO 

IE+OO 3E-OI 

2E-03 SE-04 

5E-03 2E-U3 

ZE-01 IE-01 

2E+OO SE-01 

4E-02 1E-02 

2E-02 7E-03 

3E+Ol lE+Ol 



) 

Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor- Greater-Sage Grouse 

Richardson Flat Tailings 

Screening Ecological Risk Assessmellt 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA =Not Avmlable 
NC =Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL H1 

Max Exposure 
Concentration 

(ug/L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg/kg BW/day) 

0.15643 
0.04296 
0.00031 
0.00672 
1.25051 

0.00166 
0.28103 

0.00009 
0.00134 
0.06096 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRV is based on inorganic mercury. 

Wildlife Risk_Seep revl.xls: HQ Summary 
21712002 

TRV(mgfkg BW/day) 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 
0.0 0.1 
0.10 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.10 0.10 
13 39 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

4E-01 4E-02 
1E-01 5E-02 
7E-03 3E-03 
7E-02 7E-02 
lE-01 3E-02 

7E-01 JE-01 

4E-03 5E-04 
6E-01 3E-01 
2E-03 1E-03 

1E-02 lE-02 
5E-03 2E-03 

7£-01 3£-01 



..... 
Hazard Quotients (HQs) for the Ingestion of Seep Water* 

Wildlife Receptor - Mallard Duck 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA- Not Avru1ab1e 
NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug!L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 
3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg!kg BW/day) 

0.01975 
0.00543 
0.00004 
0.00085 
0.15792 

0.00021 
0.03549 

0.00001 
0.00017 
0.00770 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRY is based on inorganic mercury. 

Wildlife Risk_Seep revl.xls: HQ Summary 
21712002 

TRV(mg!kg BW/day) 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 

0.0 0.1 
0.10 0.10 

13 39 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.10 0.10 
13 39 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

5E-02 6E-03 
1E-02 6E-03 
9E-04 4E-04 
8E-03 8E-03 
1E-02 4E-03 

8£-02 2£-02 

5E-04 6E-05 
8E-02 4E-02 
3E-04 1E-04 
2E-03 2E-03 
6E-04 2E-04 

8£-02 4£-02 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor - Belted Kingfisher 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA =Not Avmlable 
NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug!L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mglkg BW/day) 

0.03870 
0.01063 
0.00008 
0.00166 
0.30937 

0.00041 
0.06952 
0.00002 

0.00033 
0.01508 

*Seep concentrations are estimated using available groundwater data. 
Mercury TRY is based on inorganic mercury. 

Wildlife Risk _Seep rev l.xls: HQ SlUIIllllily 
21712002 

TRV(mglkg BW/day) 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.10 0.10 
13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.10 0.10 
13 39 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

1E-01 lE-02 
2E-02 1E-02 
2E-03 9E-04 
2E-02 2E-02 
2E-02 8E-03 

2E-Ol 5E-02 

1E-03 1E-04 
2E-Ol 8E-02 
5E-04 2E-04 

3E-03 3E-03 
1E-03 4E-04 

2E-Ol 8E-02 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor- American Robin 

Richardson Flat Tailings 

Screening Ecological Risk Assessmeltt 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA =Not Avm1ab1e 

NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug/L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg/kg BW/day) 

0.04712 
0.01294 
0.00009 
0.00203 
0.37668 

0.00050 
0.08465 
0.00003 
0.00041 
0.01836 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRY is based on inorganic mercury. 

Wildlife Risk_Seep revl.xls: HQ Summmy 
21712002 

TRV(mg/kg BW/day) 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 

0.0 0.1 
0.10 0.10 

13 39 

0.4 3.5 
0.44 0.9 
0.0 0.1 

0.10 0.10 
13 39 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

1E-01 1E-02 
3E-02 1E-02 
2E-03 1E-03 
2E-02 2E-02 
3E-02 1E-02 

JE-01 6E-02 

1E-03 1E-04 
2E-01 1 E-01 
6E-04 3E-04 
4E-03 4E-03 
JE-03 5E-04 

2E-Ol JE-01 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor- American Kestrel 

Richardson Flat Tailings 

Screening Ecological Risk Assessmellt 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA- Not Avmlable 

NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTrlL HI 

Arsenic 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug/L) 

349 

96 

0.7 
I 5 

2,790 

3.7 
627 

0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg/kg BW/day) 

0.04204 

0.01155 

0.00008 
0.00181 
0.33607 

0.00045 

0.07552 

0.00002 

0.00036 
0.01638 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRY is based on inorganic mercury. 

Wildlite Risk_Seep revl.xls: HQ S=y 
21712002 

TRV(mg/kg BW/day) 

NOAEL LOAEL 

0.4 3.5 
0.44 0.9 

0.0 0.1 

0.10 0.10 
13 39 

0.4 3.5 

0.44 0.9 

0.0 0.1 

0.10 0.10 
13 39 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

1E-OI IE-02 
3E-02 IE-02 
2E-03 9E-04 
2E-02 2E-02 
3E-02 9E-03 

2£-01 5£-02 

IE-03 1E-04 
2E-01 9E-02 
5E-04 3E-04 
4E-03 4E-03 
1E-03 4E-04 

2£-01 9£-02 



\ 

y 

Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor- Red Fox 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA =Not Avmlable 
NC =Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug!L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg!kg BW/day) 

0.02970 

0.00816 
0.00006 
0.00128 
0.23743 

0.00031 

0.05336 
0.00002 

0.00026 
0.01157 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRY is based on inorganic mercury. 

Wildlife Risk_Seep revl.xls: HQ Summary 
21712002 

TRV(mglkg BW/day) 

NOAEL LOAEL 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.07 0.07 
39 117 

0.3 0.8 
0.21 0.4 
0.2 0.5 

0.07 0.07 
39 117 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

1E-01 4E-02 
4E-02 2E-02 
3E-04 1E-04 
2E-02 2E-02 
6E-03 2E-03 

1£-01 8E-02 

1E-03 4E-04 
3E-Ol IE-OJ 
1E-04 3E-05 
4E-03 4E-03 
3E-04 1E-04 

3£-01 1£-01 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor - Masked Shrew 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA- Not Avmlable 

NC =Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug!L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 

3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg/kg BW/day) 

0.05835 
0.01602 
0.00012 
0.00251 
0.46646 

0.00062 
0.10483 

0.00003 

0.00050 
0.02274 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRY is based on inorganic mercury. 

Wildlite Risk_Seep rev l.xls: HQ Summruy 
21712002 

TRV(mg/kg BW/day) 

NOAEL LOAEL 

0.3 0.8 
0.04 0.1 
1.3 4.0 

0.07 0.07 
12 24 

0.3 0.8 
0.04 0.1 

1.3 4.0 

0.07 0.07 
12 24 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

2E-01 8E-02 
4E-01 1E-01 
9E-05 3E-05 
4E-02 4E-02 
4E-02 2E-02 

7E-01 3£-01 

2E-03 8E-04 
3E+OO 8E-01 
3E-05 8E-06 
8E-03 8E-03 
2E-03 9E-04 

JE+OO 8£-01 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor- Mink 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA = Not A vmlable 

NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug/L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 
0.20 
3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg/kg BW/day) 

0.03664 
0.01006 
0.00007 
0.00157 
0.29291 

0.00039 
0.06583 
0.00002 
0.00031 
0.01428 

*Seep concentrations are estimated using available groundwater data. 

Mercury TRV is based on inorganic mercury. 

Wildlife Risk_Seep revl.xls: HQ Swrunary 
2/712002 

TRV(mg/kg BW/day) 

NOAEL LOAEL 

0.3 0.8 
0.16 0.3 
0.7 2.1 

0.07 0.07 
156 467 

0.3 0.8 
0.16 0.3 
0.7 2.1 

0.07 0.07 
156 467 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

1E-01 5E-02. 

6E-02 3E-02 
1E-04 4£-05 
2£-02 2£-02 
2£-03 6£-04 
2E-Ol JE-01 

2£-03 5£-04 
4E-01 2£-01 
3£-05 IE-05 
5£-03 5£-03 
9£-05 3£-05 
4E-Ol 2E-Ol 



Hazard Quotients (HQs) for the Ingestion of Seep Water* 
Wildlife Receptor - Deer Mice 

Richardson Flat Tailings 

Screening Ecological Risk Assessment 

Designated Reach 

Monitoring wells 
below main 

embankment 

Upgradient 
monitoring well 

NA- Not Available 
NC = Not Calculated 

Parameter 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Lead 
Mercury 
Selenium 

Zinc 

TOTAL HI 

Max Exposure 
Concentration 

(ug!L) 

349 

96 
0.7 
15 

2,790 

3.7 
627 

0.20 
3.0 
136 

HQs greater than 1 are shown in boldface type. 

Calculated Dose 
(mg!kg BW/day) 

0.05136 
0.01410 
0.00010 
0.00221 
0.41055 

0.00054 
0.09226 
0.00003 
0.00044 
0.02001 

*Seep concentrations are estimated using available groundwater data. 

Mercury TR V is based on inorganic mercury. 

Wildlife Risk_Seep revl.:ds: HQ Summary 
2!712002 

TRV(mg/kg BW/day) 

NOAEL LOAEL 

1.3 3.8 
0.21 0.6 

3.3 9.9 
0.11 0.11 
20 40 

1.3 3.8 
0.21 0.6 
3.3 9.9 

0.11 0.11 
20 40 

DRAFT 

Seep Water HQ 

NOAEL LOAEL 

4E-02 IE-02 
7E-02 2E-02 
3E-05 IE-05 
2E-02 2E-02 
2E-02 IE-02 

IE-OJ 7£-01 

4E-04 IE-04 
4E-Ol IE-01 
9E-06 3E-06 
4E-03 4E-03 
1E-03 SE-04 

4£-01 2£-01 



Wildlife Hazard Quotients (HQs) fo1· Incidental Ingestion of Soils and Tailings 
Wildlife Recepto1·- American Robin 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
Soil HQNOAEL 

Designated Reach Parameter EPC (mglkg) Dose (mg/kg (mglkg (mglkg 

Background Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

NA- Not Avmlable 

NC ~ Not Calculated 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Clu·omium 

Copper 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Bariutn 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromiun1 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

NA 
NA 

10.14 

265.00 

1.00 

23.00 

29.00 

58.67 

0.15 

2.50 
127.00 

NA 

NA 

45.43 

331.38 

15.30 
24.21 

49.34 

883.84 

1.32 

2.50 
550.85 

23738.97 

4.42 

24.05 
277.01 

2.03 

24.3_1 

41.97 

428.97 

0.32 

2.50 
314.05 

4257.93 

195.82 

298.65 

NA 
43.58 

30.53 
539.46 

5877.72 

12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 
0.150 

3.931 

0.015 

0.341 

0.430 

0.870 

0.002 

0.037 
1.884 

NA 

NA 
0.674 

4.916 
0.227 

0.359 

0.732 
13.111 

0.020 

0.037 

8.171 

352.150 

0.066 

0.357 
4.109 

0.030 

0.361 
0.623 

6.364 

0.005 

0.037 
4.659 

63.163 

2.905 

7 4.430 

NA 
0.646 

0.453 

8.003 

87.192 
0.179 

0.212 
111.910 

EPC is equal to the minimum of the 95llCL m1d the maximum. 

Mercury TRV is based on inorganic mercury. 

WiiJiit"e Risk_ Soil rev.:-Js: HQ Cales Page I ot' I 

BW/day) BW/day) 
NOAEL LOAEL 

7.00 35.00 NC NC 

NA NA NC NC 
0.81 7.05 2E-Ol 2E-02 

2.78 5.55 1E+OO 7E-01 
0.09 2.39 2E-01 6E-03 
0.2 1.0 2E+OO 3E-01 

4.02 6.03 1E-OI 7E-02 

0.88 l.75 IE+OO 5E-Ol 

0.09 0.18 2E-02 IE-02 

0.20 0.20 2E-Ol 2E-Ol 
26 79 7E-02 2E-02 

SE+OO 2E+OO 

7.00 35.00 NC NC 

NA NA NC NC 

0.81 7.05 8E-OI IE-01 

2.78 5.55 2E+OO 9E-Ol 

0.09 2.39 3E+OO 9E-02 

0.2 1.0 2E+OO 4E-Ol 

4.02 6.03 2E-01 1E-01 

0.88 1.75 lE+Ol 7E+OO 

0.09 0.18 2E-01 1E-01 

0.20 0.20 2E-01 2E-OI 

2 7 4E+OO 1E+OO 

3E+Ol lE+Ol 

7.00 35.00 SE+Ol lE+Ol 

NA NA NC NC 

0.81 7.05 4E-OI 5E-02 

2.78 5.55 lE+OO 7E-01 

0.09 2.39 3E-Ol 1E-02 

0.2 1.0 2E+OO 4E-Ol 

4.02 6.03 2E-01 1E-01 

0.88 1.75 7E+OO 4E+OO 

0.09 0.18 5E-02 3E-02 

0.20 0.20 2E-OI 2E-01 

2 7 2E+OO 7E-01 

6E+Ol 2E+Ot 

7.00 35.00 9E+OO 2E+OO 

NA NA NC NC 
0.81 7.05 SE+OO 6E-01 

2.78 5.55 NC NC 

0.09 2.39 7E+OO 3E-01 

0.2 1.0 2E+OO 5E-01 

4.02 6.03 2E+OO 1E+OO 

0.88 1.75 1E+02 5E+Ot 

0.09 0.18 2E+OO 1E+OO 

0.20 0.20 1E+OO 1Ec-00 

2 7 SE+Ol 2E+Ol 

2E+02 7E+Ol 
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Wildlife Huz:u·d Quotients (HQs) fot· Incidental Ingestion of Soils und Tailings 
Wildlife Receptor- Amcdcan Kcst.-el 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
SoilHQ NOAEL 

Designa te"d Reach Parameter EPC (mg/kg) Dose (mg/kg (mg/kg (mg/kg 

Background Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

NA- Not Available 

NC =Not Calculated 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Clrromium 

Copper 

Lead 

Mercury 

Selenium 

Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Clrromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Aluminum 

A.ntimony 

Arsenic 

Barium 

Cadmium 

Clrromium 

Copper 

Lead 
Mercury 

Selenium 

Zinc 

TOTAL HI 

NA 

NA 
10.14 

265.00 

l.OO 

23.00 

29.00 

58.67 

0.15 

2.50 
127.00 

NA 

NA 

45.43 

331.38 

15.30 

24.21 

49.34 

883.84 

1.32 

2.50 
550.85 

23738.97 

4.42 

24.05 

277.01 

2.03 

24.31 

41.97 

428.97 

0.32 

2.50 
314.05 

4257.93 

195.82 

298.65 

NA 

43.58 

30.53 

539.46 

5877.72 

12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 
0.010 

0.251 

0.001 

0.022 

0.027 

0.056 

0.000 

0.002 
0.120 

NA 

NA 

0.043 

0.314 

0.014 

0.023 

0.047 
0.837 

0.001 

0.002 
0.522 

22.480 

0.004 
0.023 

0.262 

0.002 

0.023 

0.040 

0.406 
0.000 

0.002 
0.297 

4.032 

0.185 

0.283 

NA 
0.041 

0.029 

0.511 

5.566 

0.011 

0.014 
7.144 

EPC is equal to the minimum of the 95L'CL and the maximum. 

Mercury TRY is based on inorganic mercury. 

Wildlife RJsk S01l rev.ccls: HQ Coles Page 1 ut' l 

BW/day) BW/day) 
NOAEL LOAEL 

7.00 35.00 NC NC 

NA NA NC NC 
0.81 7.05 1E-02 1E-03 

2.78 5.55 9E-02 5E-02 

0.09 2.39 IE-02 4E-04 

0.2 l.O 1E-Ol 2E-02 

4.02 6.03 7E-03 5E-03 

0.88 !.75 6E-02 3E-02 

0.09 0.18 2E-03 8E-04 

0.20 0.20 1E-02 IE-02 
26 79 5E-03 2E-03 

JE-01 IE-OJ 

7.00 35.00 NC NC 

NA NA NC NC 

0.81 7.05 5E-02 6E-03 

2.78 5.55 1E-01 6E-02 

0.09 2.39 2E-01 6E-03 

0.2 l.O IE-OJ 2E-02 

4.02 6.03 IE-02 8E-03 

0.88 1.75 IE+OO 5E-01 

0.09 0.18 IE-02 7E-03 

0.20 0.20 IE-02 IE-02 

2 7 2E-Ol 8E-02 

2E+OO ?E-01 

7.00 35.00 3E+OO 6E-01 

NA NA NC NC 

0.81 7.05 3E-02 3E-03 

2.78 5.55 9E-02 5E-02 

0.09 2.39 2E-02 8E-04 

0.2 1.0 lE-01 2E-02 

4.02 6.03 1E-02 7E-03 

0.88 1.75 5E-Ol 2E-Ol 

0.09 0.18 3E-03 2E-03 

0.20 0.20 IE-02 IE-02 

2 7 1E-Ol 4E-02 

4E+OO IE+OO 

7.00 35.00 6E-Ol lE-01 

NA NA NC NC 

Ol8l 7.05 3E-Ol 4E-02 

2.78 5.55 NC NC 

0.09 2.39 5E-Ol 2E-02 

0.2 l.O IE-01 3E-02 

4.02 6.03 lE-01 8E-02 

0.88 !.75 6E+OO 3E+OO 

0.09 0.18 IE-01 6E-02 

0.20 0.20 7E-02 7E-02 

2 7 3E+OO IE+OO 

lE+Ol SE+OO 
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Wildlife Haz:u·d Quotients (HQs) for lucidentallngestion of Soils and Tailings 
Wildlife Receptor·- Red Fox 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
Soil HQNOAEL 

Designated Reach Parameter EPC (mg/kg) Dose (mglkg (mg/kg (mg/kg 

Background Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

NA- Not Avmlable 

NC = Not Calculated 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOT.J.LHI 

Aluminum 

Antimony 
Arsenic 

Barium 

Cadmium 

Chromium 

Copper 
Lead 

Mercury 

Selenium 

Zinc 

TOTAL HI 

Aluminum 

Antimony 
Arsenic 

Barium 

Cadmium 

Chromium 

Copper 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

NA 

NA 

10.14 

265.00 
1.00 

23.00 

29.00 

58.67 

0.15 

2.50 
127.00 

NA 

NA 

45.43 

331.38 

15.30 

24.21 
49.34 

883.84 

1.32 
2.50 

550.85 

23738.97 

4.42 
24.05. 

277.01 

2.03 
24.31 

41.97 

428.97 

0.32 

2.50 
314.05 

4257.93 

195.82 

298.65 

NA 

43.58 

30.53 

539.46 

5877.72 

12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 

0.005 

0.137 

0.001 

0.012 

0.015 
0.030 

0.000 

0.001 
0.066 

NA 

NA 

0.023 

0.171 

0.008 

0.012 

0.025 

0.456 
0.001 

0.001 
0.284 

12.254 

0.002 

0.012 

0.143 

0.001 
0.013 

0.022 

0.221 

0.000 

0.001 
0.162 

2.198 
0.101 

0.154 

NA 

0.022 

0.016 

0.278 

3.034 

0.006 

0.007 
3.894 

EPC is equal to the minimum of tl1e 95UCL and the maximum. 
Mercury TRV is based on inorganic mercury. 

Wildlife Ri,k Sui! rev.xls: HO Cales P::Jge ! of! 

BW/day) BW/day) 
NOAEL LOAEL 

1.36 6.61 NC NC 
0.03 0.08 NC NC 
0.20 0.60 3E-02 9E-03 

2.02 6.07 7E-02 2E-02 

0.50 0.99 lE-03 5E-04 

800.0 2400.0 1E-05 5E-06 

2.21 3.21 7E-03 5E-03 

0.42 0.82 7E-02 4E-02 

0.34 1.03 2E-04 8E-05 

0.13 0.13 lE-02 lE-02 

78 233 8E-04 3E-04 

:!E-01 BE-0:! 

1.36 6.61 NC NC 
0.03 0.08 NC NC 

0.20 0.60 IE-01 4E-02 

2.02 6.07 8E-02 3E-02 

0.50 0.99 2E-02 8E-03 

800.0 2400.0 2E-05 5E-06 

2.21 3.21 IE-02 8E-03 

0.42 0.82 1Et{)0 6E-01 

0.34 1.03 2E-03 7E-04 

0.13 0.13 IE-02 IE-02 

I 2 4E-OI 1E-Ol 

2E+OO BE-OJ 

1.36 6.61 9E+OO 2E+OO 

0.03 0.08 9E-02 3E-02 

0.20 0.60 6E-02 2E-02 

2.02 6.07 7E-02 2E-02 

0.50 0.99 2E-03 IE-03 

800.0 2400.0 2E-05 5E-06 

2.21 3.21 IE-02 7E-03 

0.42 0.82 5E-OI 3E-01 

0.34 1.03 5E-04 2E-04 

0.13 0.13 lE-02 IE-02 
I 2 2E-Ol 8E-02 

tE+Ol 2E+OO 

1.36 6.61 2E+OO 3E-Ol 

0.03 0.08 4E+OO IE+OO 

0.20 0.60 8E-OI 3E-OI 

2.02 6.07 NC NC 

0.50 0.99 SE-02 2E-02 

800.0 2400.0 2E-05 7E-06 

2.21 3.21 IE-01 9E-02 

0.42 0.82 7E+OO 4E+OO 

0.34 1.03 2E-02 6E-03 

0.13 0.13 6E-02 6E-02 

I 2 6E+OO 2E+OO 

2E+Ol SE+OO 

DRAFT 



Wildlife Haz:u·d Quotients (HQs) fo1· Incidental Ingestion of Soils :md Tailings 
Wildlife Receptor - Masked Shrew 

Riclzardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
Designated Reach Parameter EPC (mg/kg) Dose (mg/kg (mg/kg (mg/kg 

Soil HQ NOAEL 

Background Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site "failings 

NA =Not Avrulable 

NC = Not Calculated 

Aluminum 

Antimony 
Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Almninun1 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Clrromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 
Lead 

Mercury 

Selenium 

Zinc 

TOTAL HI 

NA 

NA 
10.14 

265.00 

1.00 

23.00 

29.00 

58.67 

0.15 

2.50 
127.00 

NA 

NA 

45.43 

331.38 

15.30 

24.21 

49.34 

883.84 

1.32 

2.50 
550.85 

23738.97 

4.42 
24.05 

277.0 I 
2.03 

24.31 
41.97 

428.97 

0.32 
2.50 

314.05 

4257.93 

195.82 

298165 

NA 

43.58 

30.53 

539.46 

5877.72 

12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 

0.716 

18.720 

0.071 

1.625 
2.049 

4.144 

0.011 

0.177 
8.911 

NA 

NA 

3.209 

23.409 

1.081 

!.710 

3.486 

62.435 

0.093 

0.177 
38.913 

1676.957 

0.312 

1.699 

19.568 
0.144 

1.717 

2.965 

30.303 

0.023 
0.177 

22.185 

300.787 

13.833 

21.097 

NA 

3.078 

2.157 

38.108 

415.211 

0.850 

1.008 
532.922 

EPC is equal to the minimum of the 95UCL and the 1na.ximum. 

Mercury TRV is based on inorganic mercury. 

Wi!Jiit"c Risk Sod rev.c:ls: HQ Coles Page I of I 

BW/day) BW/day) 
NOAEL LOAEL 

1.36 6.61 NC NC 

0.01 0.02 NC NC 

0.12 0.36 6E+OO 2E+OO 

2.02 6.07 9E+OO 3E+OO 

0.50 0.99 IE-OJ 7E-02 

800.0 2400.0 2E-03 7E-04 

33.60 72.40 6E-02 3E-02 

0.08 0.25 5E+Ol 2E+Ot 

2.64 7.92 4E-03 1E-03 

0.13 0.13 1E+OO 1E+OO 
2~ ~'3 4E-OI 2E-01 

7E+Ol 2E+Ol 

1.36 6.61 NC NC 
0.01 0.02 NC NC 
0.12 0.36 3E+Ol 9E+OO 

2.02 6.07 lE+Ol 4E+OO 

0.50 0.99 2E+OO 1E+OO 

800.0 2400.0 2E-03 7E-04 

33.60 72.40 1E-OI 5E-02 

0.08 0.25 7E+02 2E+02 

2.64 7.92 4E-02 1E-02 

0.13 0.13 IE+OO lE+OO 
I 2 6E+Ol 2E+Ol 

8E+02 3E+02 

1.36 6.61 1E+03 3E+02 

0.01 0.02 5E+Ol 2E+Ol 

0.12 0.36 lE+Ol 5E+OO 

2.02 6.07 lE+Ol 3E+OO 

0.50 0.99 3E-Ol lE-O! 

800.0 2400.0 2E-03 7E-04 

33.60 72.40 9E-02 4E-02 

0.08 0.25 4E+02 1E+02 

2.64 7.92 9E-03 3E-03 

0.13 0.13 1E+OO 1E+OO 

1 2 3E+Ot tE+Ol 

2E+03 4E+02 

1.36 6.61 2E+02 5E+Ol 

0.01 0.02 2E+I}3 1E+I}2 

0.12 0.36 2E+02 6E+Ol 

2.02 6.07 NC NC 

0.50 0.99 6E+OO 3E+OO 

800.0 2400.0 3E-03 9E-04 

33.60 72.40 IE+OO 5E-OI 

0.08 0.25 5E+03 2E+03 

2.64 7.92 3E-01 lE-01 

0.13 0.13 8E+OO 8E+OO 

1 2 8E+02 3E+I}2 

8E+03 3E+I}3 

DRAFT 



Wildlife Haz:u·d Quotients (HQs) fo1· lucideutal lugestiou of Soils aud Tailiugs 
Wildlife Receptm· - Dee•· Mice 

Richardson Flat Tw1ings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
Soil HQNOAEL 

Designated Reach Parameter EPC (mg/kg) Dose (mg/kg (mg/kg (mg/kg 

Backg•·ound Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

NA- Not Available 

NC =Not Calculated 

Aluminum 

Antimony 
Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 
Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

A.ntimony 
.A .. rsenic 

Barium 

Cadmium 

Chmmi urn 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

Aluminum 

.A.ntimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

NA 

NA 

10.14 

265.00 

1.00 
23.00 

29.00 

58.67 

0.15 

2.50 
127.00 

NA 

NA 

45.43 

331.38 

15.30 

24.21 

49.34 
883.84 

1.32 
2.50 

550.85 

23738.97 

4.42 
24.05 

277.01 

2.03 

24.31 

41.97 

428.97 

0.32 

2.50 
314.05 

4257.93 

195.82 

298.65 

NA 
43.58 

30.53 

539.46 

5877.72 
12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 

0.029 

0.767 

0.003 

0.067 

0.084 

0.170 

0.000 

0.007 
0.368 

NA 

NA 

0.132 

0.959 

0.044 

0.070 

0.143 
2.558 

0.004 

0.007 

1.595 

68.718 

0.013 
0.070 

0.802 

0.006 

0.070 

0.122 

1.242 

0.001 

0.007 
0.909 

12.326 

0.567 

0.865> 

NA 

0.126 

0.088 

1.562 

17.014 

0.035 

0.041 
21.838 

EPC is equal to the minimum of the 95l'CL and the maximum. 

Mercury TRV is based on inorganic mercmy. 

WiiJiir'e Rlsk Soil rov.xls: HQ C"lcs Page I ot I 

BW/day) BW/day) 
NOAEL LOAEL 

2.27 11.01 NC NC 

0.03 0.08 NC NC 

2.53 7.59 1E-02 4E-03 

3.37 10.11 2E-01 8E-02 

0.83 1.65 4E-03 2E-03 

1333.3 4000.0 5E-05 2E-05 

168.00 362.00 5E-04 2E-04 

0.42 1.25 4E-01 1E-01 

6.60 19.80 7E-05 2E-05 

0.22 0.22 3E-02 3E-02 
40 80 9E-03 5E-03 

7£-01 3£-01 

2.27 11.01 NC NC 

0.03 0.08 NC NC 

2.53 7.59 5E-02 2E-02 

3.37 10.11 3E-01 9E-02 

0.83 1.65 5E-02 JE-02 

1333.3 4000.0 5E-05 2E-05 

168.00 362.00 9E-04 4E-04 

0.42 1.25 6E+OO 2E+OO 

6.60 19.80 6E-04 2E-04 

0.22 0.22 3E-02 3E-02 

I 3 IE+OO 5E-01 

SE+OO 3E+OO 

2.27 11.0 I 3E+Ol 6E+OO 

0.03 0.08 5E-01 2E-01 

2.53 7.59 3E-02 9E-03 

3.37 10.11 2E-01 8E-02 

0.83 1.65 7E-03 4E-03 

1333.3 4000.0 5E-05 2E-05 

168.00 362.00 7E-04 3E-04 

0.42 1.25 3E+OO 1E+OO 

6.60 19.80 1E-04 5E-05 

0.22 0.22 3E-02 3E-02 

1 3 8E-01 3E-01 

3E+Ol SE+OO 

2.27 11.01 SE+OO IE+OO 

0.03 0.08 2E+Ol SE+OO 

2.53 7.59 3E-OI 1E-OI 

3.37 10.11 NC NC 

0.83 1.65 2E-01 8E-02 

1333.3 4000.0 7E-05 2E-05 

168.00 362.00 9E-03 4E-03 

0.42 1.25 4E+Ol lE+Ol 

6.60 19.80 5E-03 2E-03 

0.22 0.22 2E-OJ 2E-OI 

I 3 2E+Ol 7E+OO 

9E+Ol 3E+Ol 

DRAFT 



Wildlife H:~zard Quotients (HQs) fo1· Incidental Ingestion of Soils and Tailings 
Wildlife Recepto1·- G1·eater-Sage Grouse 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV 
SoilHQNOAEL 

Designated Reach Pa1·ametei· EPC (mg/kg) Dose (mg/kg (mglkg (mg/kg 

Background Soils 

Off-Impoundment 
Soils 

On-Impoundment 
Soils 

Site Tailings 

NA- Not Av:ulable 

NC = Not Calculated 

Aluminum 
Antimony 

Arsenic 

Bariunl 

Cadmium 

Chromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 
Cadmium 

Chromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 
Chromium 

Copper 

Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

.'\luminum 

Antimony 
Arsenic 

Barium 
Cadmium 

Chromium 

Copper 

Lead 

Mercury 

Selenium 
Zinc 

TOTAL HI 

NA 

NA 
10.14 

265.00 

1.00 

23.00 

29.00 
58.67 

0.15 

2.50 
127.00 

NA 

NA 
45.43 

331.38 

15.30 

24.21 

49.34 

883.84 

1.32 

2.50 
550.85 

23738.97 

4.42 

24.05 

277.01 

2.03 

24.31 

41.97 

428.97 

0.32 

2.50 
314.05 

4257.93 

195.82 

298.65 

NA 

43.58 

30.53 
539.46 

5877.72 

12.04 

14.27 
7544.04 

HQs greater than one are shown in boldface type. 

BW/day) 

NA 

NA 

0.003 

0.076 

0.000 

0.007 

0.008 

0.017 

0.000 

0.001 
0.036 

NA 
NA 

0.013 

0.095 

0.004 

0.007 

0.014 

0.254 
0.000 

0.001 
0.158 

6.812 

0.001 

0.007 

0.079 
0.001 

0.007 

0.012 

0.123 

0.000 

0.001 
0.090 

1.222 

0.056 

0.086 

NA 
0.013 

0.009 

0.155 

1.687 
0.003 

0.004 
2.165 

EPC is equal to the minimum of the 95UCL :u1d the maximum. 

Mercury TRV is based on inorganic mercury. 
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BW/day) BW/day) 
NOAEL LOAEL 

7.00 35.00 NC NC 
NA NA NC NC 
0.81 7.05 4£-03 4£-04 

2.78 5.55 3£-02 IE-02 

0.09 2.39 3£-03 IE-04 

0.2 1.0 3E-02 7E-03 

4.02 6.03 2E-03 IE-03 

0.88 1.75 2E-02 JE-02 

0.09 0.18 5E-04 2E-04 

0.20 0.20 4E-03 4E-03 

26 79 IE-03 5E-04 

9£-0:! 4£-02 

7.00 35.00 NC NC 

NA NA NC NC 
0.81 7.05 2E-02 2E-03 

2.78 5.55 3£-02 2£-02 

0.09 2.39 5E-02 2£-03 

0.2 1.0 3E-02 7E-03 

4.02 6.03 4E-03 2E-03 

0.88 1.75 3E-01 IE-01 

0.09 0.18 4E-03 2E-03 

0.20 0.20 4E-03 4E-03 

2 7 7E-02 2E-02 

5£-01 2£-01 

7.00 35.00 IE+OO 2E-Ol 

NA NA NC NC 

0.81 7.05 SE-03 1E-03 

2.78 5.55 3E-02 IE-02 

0.09 2.39 7E-03 2E-04 

0.2 1.0 3E-02 7E-03 

4.02 6.03 3E-03 2E-03 

0.88 1.75 lE-01 7Ec02 

0.09 0.18 IE-03 5E-04 

0.20 0.20 4E-03 4E-03 

2 7 4E-02 1E-02 

JE+OO 3£-01 

7.00 35.00 2E-Ol 3E-02 

NA NA NC NC 

0.81• 7.05 IE-01 1E-02 

2.78 5.55 NC NC 
0.09 2.39 IE-01 5E-03 

0.2 1.0 4E-02 9E-03 

4.02 6.03 4E-02 3E-02 

0.88 1.75 2E+OO IE+OO 

0.09 0.18 4E-02 2E-02 

0.20 0.20 2E-02 2E-02 

2 7 IE+OO 3E-01 

3E+OO JE+OO 

DRAFT 
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Wildlife Hazard Quotients (HQs) for Ingestion of Terrestrial Plants 
Wildlife Receptor - Deer Mice 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV Plant 
Designated Reach Parameter EPC (mg/kg ww) Dose(mg/kg (mg!kg (mg!kg Ingestion HQ 

BW/day) BW/day) BW/day) NOAEL 

Arsenic 0.27 0.070 ? -__ ) 7.6 3E-02 
Cadmium 0.33 0.087 0.8 1.7 1E-01 

Copper 3.90 1.026 168 362 6E-03 

Background Soils 
Lead 1.38 0.363 0.4 1.3 9E-01 

Mercury 0.07 0.0184 6.60 19.80 3E-03 
Selenium 0.74 0.195 0.13 0.22 1E+OO 

Zinc 37.66 9.911 40 80 2E-Ol 

TOTAL HI 3E+OO 

Arsenic 0.60 0.158 2.5 7.6 6E-02 

Cadmium 1.46 0.384 0.8 1.7 5E-01 
Copper 4.81 1.265 168 362 8E-03 

Off-Site Soils 
Lead 6.00 1.578 0.4 1.3 4E+OO 

Mercury 0.23 0.060 6.60 19.80 9E-03 
Selenium 0.74 0.195 0.13 0.22 lE+OO 

Zinc 85.03 22.376 40 80 6E-01 

TOTAL HI 6E+OO 

Arsenic 0.43 0.114 2.5 7.6 5E-02 
Cadmium 0.48 0.128 0.8 1.7 2E-01 

Copper 4.51 1.187 168 362 7E-03 

On-Site Soils 
Lead 4.21 1.108 0.4 1.3 3E+OO 

Mercury 0.11 0.028 6.60 19.80 4E-03 
Selenium 0.74 0.195 0.13 0.22 lE+OO 

Zinc 62.25 16.381 40 80 4E-01 

TOTAL HI SE+OO 

Arsenic 2.66 0.699 2.5 7.6 3E-01 
Cadmium 6.14 1.616 0.8 1.7 2E+OO 

Copper 13.23 3.481 168 362 2E-02 

Site Tailings 
Lead 46.97 12.362 0.4 1.3 3E+Ol 

Mercury 0.92 0.241 6.60 19.80 4E-02 
Selenium j 4.21 1.108 0.13 0.22 8E+OO 

Zinc 659.05 173.433 40 80 4E+OO 

TOTAL HI 4E+Ol 

HQs greater than one are shown m boldface type. 
EPC is equal to the estimated plant concentration based on the minimum of the 95UCL and the maximum in soil. 

Plant tissue concentrations were estinwted using the equation: ln(conc in plant dw)=B0+B1(ln[conc in soil dw]) 
Dry weight concentrations were converted to wet weight using a conversion factor (CF) of0.53 [DOl, 1998]. 
Mercury TRY is based on inorganic mercury. 
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Plant 
Ingestion HQ 

LOAEL 

9E-03 
5E-02 
3E-03 
3E-Ol 
9E-04 
9E-01 
lE-01 

JE+OO 

2E-02 
2E-01 
3E-03 
lE+OO 
3E-03 
9E-01 
3E-01 

3E+OO 

2E-02 
8E-02 
3E-03 
9E-Ol 
1E-03 
9E-01 
2E-01 

2E+OO 

9E-02 
lE+OO 
1E-02 
lE+Ol 
lE-02 

5E+OO 
2E+OO 

2E+Ol 
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Wildlife Hazard Quotients (HQs) for Ingestion of Terrestrial Plants 
Wildlife Receptor - Greater-Sage Grouse 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV LOAELTRV Plant 
Designated Reach Parameter EPC (mg/kg ww) Dose (mg/kg (mg/kg (mg/kg Ingestion HQ 

BW/day) BW/day) BW/day) NOAEL 

Arsenic 0.27 0.012 0.8 7.1 1E-02 
Cadmium 0.33 0.014 0.1 2.4 2E-01 

Copper 3.90 0.170 4 6 4E-02 

Background Soils 
Lead 1.38 0.060 0.9 1.8 7E-02 

Mercury 0.07 0.0030 0.09 0.18 3E-02 
Selenium 0.74 0.032 0.10 0.20 3E-01 

Zinc 37.66 1.643 26 79 6E-02 
TOTAL HI 7£-01 

Arsenic 0.60 0.026 0.8 7.1 3E-02 
Cadmium 1.46 0.064 0.1 2.4 7E-01 

Copper 4.81 0.210 4 6 5E-02 

Off-Site Soils 
Lead 6.00 0.262 0.9 1.8 3E-Ol 

Mercury 0.23 0.010 0.09 0.18 1E-01 
Selenium 0.74 0.032 0.10 0.20 3E-01 

Zinc 85.03 3.710 26 79 1E-OI 

TOTAL HI 2E+OO 

Arsenic 0.43 0.019 0.8 7.1 2E-02 
Cadmium 0.48 0.021 0.1 2.4 2E-01 

Copper 4.51 0.197 4 6 5E-02 

On-Site Soils 
Lead 4.21 0.184 0.9 1.8 2E-01 

Mercury 0.11 0.005 0.09 0.18 5E-02 
Selenium 0.74 0.032 0.10 0.20 3E-OI 

Zinc 62.25 2.716 26 79 1E-OI 

TOTAL HI JE+OO 

Arsenic 2.66 0.116 0.8 7.1 1E-01 
Cadmium 6.14 0.268 0.1 2.4 3E+OO 

Copper 13.23 0.577 4 6 IE-01 

Site Tailings 
Lead 46.97 2.049 0.9 1.8 2E+OO 

Mercury 0.92 0.040 0.09 0.18 4E-01 
Selenium 4.21 .1 0.184 0.10 0.20 2E+OO 

Zinc 659.05 28.753 26 79 1E+OO 

TOTA.LHI 9E+OO 

HQs greater than one are shown m boldface type. 
EPC is equal to the estimated plant concentration based on the minimum of the 95UCL and the maximum in soil. 

Phmt tissue concentrations were estimated using the equation: ln(conc in plant dw)=B0+B1(ln[conc in soil dw]) 
Dry weight concentrations were converted to wet weight using a conversion fi1ctor (CF) of0.53 [DOl, 1998]. 
Mercury TRV is based on inorganic mercury. 
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Plant 
Ingestion HQ 

LOAEL 

2E-03 
6E-03 
3E-02 
3E-02 
2E-02 
2E-01 
2E-02 

JE-01 

4E-03 
3E-02 
3E-02 
1E-01 
5E-02 
2E-01 
5E-02 

5£-01 

3E-03 
9E-03 
3E-02 
1E-01 
3E-02 
2E-01 
3E-02 

4£-01 

2E-02 
1E-01 
1E-OI 
1E+OO 
2E-01 
9E-OI 
4E-01 

3E+OO 



Wildlife Hazard Quotients (HQs) for Ingestion of Small Mammals 

Wildlife Receptor -American Kestrel 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Maximum 

DRAFT 

Estimated Calculated Dose NOAELTRV LOAELTRV Small Mamma Small Mamma 
Designated Reach Parameter 

Concentration 
(mg/kg (mg/kg (mg/kg Ingestion HQ Ingestion HQ 

(mg/kg ww) 
B\V/day) BW/day) BW/day) NOAEL 

Arsenic 0.04 0.01099 0.81 7.05 1E-02 
Bruium 3.03 0.869 2.78 5.55 3E-01 

Cadmimn 1.54 0.441 0.09 2.39 SE+OO 
Chromium 1.58 0.452 0.20 1.0 2E+OO 

Background Soils 
Copper 10.16 2.917 4.02 6.03 7E-01 
Lead 8.00 2.294 0.88 1.75 3E+OO 

Mercury 0.01 0.001589 0.05 0.18 4E-02 
Selenium 0.63 0.1818 0.10 0.20 2E+OO 

Zinc 85.04 24.403 26 79 9E-Ol 
TOTAL HI lE+Ol 

Arsenic 0.18 0.053 0.81 7.05 6E-02 
Barimn 3.79 1.086 2.78 5.55 4E-01 

Cadmium 21.29 6.111 0.09 2.39 7E+Ol 

Chromimn 1.64 0.470 0.20 1.0 2E+OO 

Off-Site Soils 
Copper 11.18 3.207 4.02 6.03 8E-01 
Lead 29.95 8.594 0.88 1.75 lE+Ol 

Mercmy 0.05 0.0140 0.05 0.18 3E-01 
Selenium 0.63 0.1818 0.10 0.20 2E+OO 

Zinc 94.77 27.194 26 79 1E+OO 

TOTAL HI 9E+Ol 

Arsenic 0.09 0.0255 0.81 7.05 3E-02 
Ba.Iium 3.16 0.908 2.78 5.55 3E-Ol 

Cadmium 3.04 0.873 0.09 2.39 lE+Ol 

Chromium 1.64 0.471 0.20 !.0 2E+OO 

On-Site Soils 
Copper 10.86 3.116 4.02 6.03 8E-01 
Lead 21.06 6.044 0.88 1.75 7E+OO 

Mercmy 0.01 0.00342 0.05 0.18 8E-02 
Selenium 0.63 0.18177 0.10 0.20 2E+OO 

Zinc 90.92 26.089 26 79 IE+OO 

TOTAL HI 2E+Ol 

) Arsenic 1.57 0.-+492 0.81 7.05 6E-01 
Barium NA NA 2.78 5.55 NC 

Cadmium 58.40 16.757 0.09 2.39 2E+02 

C1ll"omium 1.94 0.557 0.20 1.0 3E+OO 

Site Tailings 
Copper 19.26 5.526 4.02 6.03 IE+OO 

Lead 75.34 21.619 0.88 1.75 2E+Ol 

Mercury 0.44 0.1275 0.05 0.18 3E+OO 

Selenium 1.22 0.3502 0.10 0.20 4E+OO 
Zinc 114.96 32.988 26 79 IE+OO 

TOTAL HI 2E+02 

HQs greater than one are shown m boldface type. 
EPC is equal to the estimated small mammal concentration based on the minimum ofthe 95UCL and the maximum in 3)il. 

Small mammal tissue concentrations were estimated using the equation: ln(conc in smallmanllllals dw)=B0+B 1 (ln[conc in :nil dw]) 
Dry weight roncentrations were converted to wet weight using a conversion tactor (CF) of0.68 [EPA, 1993]. dw = ww * CF 
Mercury TR V is based on organic mercury. 
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LOAEL 

2E-03 
2E-01 
2E-01 
5E-01 
5E-01 
1E+OO 
9E-03 
9E-01 
3E-Ol 

4E+OO 

7E-03 
2E-Ol 
3E+OO 

5E-01 
5E-Ol 
SE+OO 

8E-02 
9E-01 
3E-01 

lE+Ol 

4E-03 
2E-01 
4E-Ol 
5E-Ol 
5E-Ol 
3E+OO 

2E-02 
9E-Ol 
3E-Ol 

6E+OO 

6E-02 

NC 
7E+OO 
6E-01 

9E-01 
lE+Ol 

7E-Ol 
2E+OO 
4E-Ol 

2E+Ol 
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Designated Reach Parameter 

Arsenic 
Barium 

Cadmium 
Chromium 

Background Soils 
Copper 
Lead 

Mercmy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Barimn 

Cadmium 
Chromium 

Off-Site Soils 
Copper 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Barium 

Cadmium 
Chromiwn 

On-Site Soils 
Copper 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

I· Arsenic 
Barium 

Cadmium 
Chromium 

Site Tailings 
Copper 
Lead 

Mercwy 
Selenium 

Zinc 
TOTAL HI 

Wildlife Hazard Quotients (HQs) for Ingestion of Small Mammals 
Wildlife Receptor - Red Fox 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Maximum 
Calculated Dose NOAELTRV 

Estimated 
Concentration 

(mg/kg (mg/kg 

(mg/kg ww) 
BW/day) BW/day) 

0.04 0.00262 0.20 
3.03 0.207 2.02 
1.54 0.105 0.50 
1.58 0.108 800.00 
10.16 0.694 2.21 
8.00 0.546 0.42 
0.01 0.000378 0.06 
0.63 0.0433 0.08 
85.04 5.807 78 

0.18 0.013 0.20 
3.79 0.258 2.02 

21.29 1.454 0.50 
1.64 0.112 800.00 
11.18 0.763 2.21 
29.95 2.045 0.42 
0.05 0.0033 0.06 
0.63 0.0433 0.08 
94.77 6.471 78 

0.09 0.0061 0.20 
3.16 0.216 2.02 
3.04 0.208 0.50 
1.64 0.112 800.00 
10.86 0.741 2.21 
21.06 1.438 0.42 
0.01 0.00081 0.06 
0.63 0.04325 0.08 
90.92 6.208 78 

1.57 0.1069 0.20 
NA NA 2.02 

58.40 3.987 0.50 
1.94 0.133 800.00 
19.26 1.315 2.21 
75.34 5.144 0.42 
0.44 0.0303 0.06 
1.22 0.0833 0.08 

114.96 7.850 78 

LOAELTRV 
(mg/kg 

BW/day) 

0.60 
6.07 
0.99 

2400.0 
3.21 
0.82 
0.10 
0.13 
233 

0.60 
6.07 
0.99 

2400.0 
3.21 
0.82 
0.10 
0.13 
233 

0.60 
6.07 
0.99 

2400.0 
3.21 
0.82 
0.10 
0.13 
,~~ 
_.).) 

0.60 
6.07 
0.99 

2400.0 
3.21 
0.82 
0.10 
0.13 
233 

HQs greater than one are shown m boldti.ce type. 

Small Mamma 
Ingestion HQ 

NOAEL 

IE-02 
IE-OJ 
2£-01 
IE-04 
3£-01 
1£+00 
6£-03 
5E-01 
7E-02 

3E+OO 

6£-02 
IE-OJ 

3E+OO 
lE-04 
3£-01 
SE+OO 
6£-02 
5£-01 
8£-02 

9E+OO 
3£-02 
1£-01 
4£-01 
IE-04 
3£-01 
3E+OO 
IE-02 
5£-01 
8£-02 

SE+OO 
5£-01 

NC 
8E+OO 
2£-04 
6£-01 
lE+Ol 
5£-01 
IE+OO 
lE-U! 

2E+Ol 

EPC is equal to the estimated small mammal concentration based on the minimwn ofthe 95UCL and the maximwn in g)il. 
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Small Mamma 
Ingestion HQ 

LOAEL 

4£-03 
3£-02 
IE-01 
4£-05 
2£-01 
7£-01 
4£-03 
3£-01 
2£-02 

JE+OO 

2£-02 
4£-02 
IE+OO 
5E-05 
2£-01 
3E+OO 
3£-02 
3£-01 
3£-02 

SE+OO 
IE-02 
4£-02 
2£-01 
5E-05 
2£-01 
2E+OO 
8£-03 
3£-01 
3£-02 

3E+OO 
2E-01 

NC 
4E+OO 
6£-05 
4£-01 
6E+OO 
3E-01 
6£-01 
3£-02 

IE+Ol 

Small mammal ti~ue concentrations were estimated using the equation: ln(conc in small man.m1als dw)=B0+B 1(ln[conc in :oil dw]) 
DIY weight concentrations were convened to wct weight using a conversion fuctor (CF) of0.68 [EPA, 1993]. dw = \VW * CF 
Mercwy TRY is based on organic mercwy. 
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Designated Reach Parameter 

Arsenic 
Cadmium 

Copper 
Lead 

Background Soils 
Mercury 

Selenium 
Zinc 

TOTAL HI 

Arsenic 
Cadmium 

Copper 

Off-Site Soils 
Lead 

Mercury 
Selenium 

Zinc 

TOTAL HI 

Arsenic 

Cadmium 
Copper 

On-Site Soils 
Lead 

MercUiy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Cadmium 

Copper 

Site Tailings 
Lead 

Mercury 
Selenium 

Zinc 
) TOTAL HI 

Wildlife Hazard Quotients (HQs) for Ingestion of Earthworms 
Wildlife Receptor- American Robin 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV 
EPC (mg/kg ww) Dose (mg/kg (mg/kg 

BW/day) BW/day) 

1.04 1.002 0.81 

6.96 6.701 0.09 
10.91 10.508 4.02 
18.06 17.396 0.88 
0.48 0.462 0.045 
1.53 1.469 0.10 

351.97 339.038 26 

3.00 2.891 0.81 
60.84 58.608 0.09 
12.55 12.092 4.02 

161.19 155.264 0.88 
1.00 0.961 0.045 

1.53 1.469 0.10 

569.53 548.603 26 

1.92 1.845 0.81 
12.23 II. 776 0.09 
12.03 11.586 4.02 

89.94 86.640 0.88 
0.62 0.598 0.045 

1.53 1.469 0.10 
473.67 456.265 26 

11.34 10.923 0.81 

139.83 134.690 0.09 
23.60 22.736 4.02 

743.63 716.308 0.88 
2.10 2.023 0.045 
5.47 5.269 0.10 

1343.72 1294.358 26 

LOAELTRV 
(mglkg 

BW/day) 

7.05 
2.39 

6.03 
1.75 

0.181 
0.20 
79 

7.05 
2.39 
6.03 
1.75 

0.181 

0.20 
79 

7.05 
2.39 
6.03 
1.75 

0.181 
0.20 

79 

7.05 
2.39 
6.03 

1.75 
0.181 
0.20 
79 

HQs greater than one are shown Ill boldtace type. 

Earthworm 
Ingestion HQ 

NOAEL 

IE+OO 
8E+Ol 
3E+OO 
2E+Ol 
lE+Ol 
lE+Ol 
lE+Ol 
1E+02 
4E+OO 
7E+02 
3E+OO 
2E+02 
2E+Ol 
lE+Ol 
2E+Ol 
9E+02 
2E+OO 
1E+02 
3E+OO 
1E+02 
IE+Ol 
IE+Ol 
2E+Ol 
3E+02 
IE+Ol 
2E+03 
6E+OO 
8E+02 
4E+Ol 
SE+Ol 
SE+Ol 
3E+03 

EPC is equal to the estimated ea11hworm concentration based 011 the minimum of the 95UCL and the maximum in soil. 

Eanhwonn tissue concentratio11s were estimated using the equation: ln(co11c in ea11hworm dw)=B0+B 1(ln[conc in soil dw)) 
D1y weight concentrations were converted to wet weight using a conversion factor (CF) of0.84 [EPA, 1993]. dw = ww * CF 

Mercury TR V is based on organic mercUiy. 
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Earthworm 
Ingestion HQ 

LOAEL 

IE-OJ 
3E+OO 
2E+OO 
lE+Ol 
3E+OO 
7E+OO 
4E+OO 
3E+Ol 
4E-01 
2E+Ol 
2E+OO 
9E+Ol 
SE+OO 
7E+OO 
7E+OO 
1E+02 
3E-01 
SE+OO 
2E+OO 
SE+Ol 
3E+OO 
7E+OO 
6E+OO 
7E+Ol 
2E+OO 
6E+Ol 
4E+OO 
4E+02 
IE+Ol 
3E+Ol 
2E+Ol 
5E+02 



Designated Reach Parameter 

Arsenic 
Cadmium 

Copper 

Background Soils 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Cad.miwn 

Copper 

Off-Site Soils 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Cadmium 

Copper 

On-Site Soils 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

Arsenic 
Cadmium 

Copper 

Site Tailings 
Lead 

Mercwy 
Selenium 

Zinc 

TOTAL HI 

Wildlife Hazard Quotients (HQs) for Ingestion of Earthworms 
Wildlife Receptor- Masked Shrew 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculated NOAELTRV 
EPC (mg/kg ww) Dose (mg/kg (mg/kg 

BW/day) BW/day) 

1.04 1.767 0.12 
6.96 11.813 0.50 
10.91 18.525 33.60 
18.06 30.667 0.08 
0.48 0.814 0.005 
1.53 2.590 0.08 

351.97 597.681 24 

3.00 5.096 0.12 
60.84 103.318 0.50 
12.55 21.316 33.60 

161.19 273.710 0.08 
1.00 1.695 0.005 
1.53 2.590 0.08 

569.53 967.119 24 

1.92 3.252 0.12 
12.23 20.760 0.50 
12.03 20.425 33.60 
89.94 152.736 0.08 
0.62 1.054 0.005 
1.53 2.590 0.08 

473.67 804.338 24 

11.34 19.257 0.12 
139.83 237.442 0.50 
23.60 40.080 33.60 
743.63 1262.761 0.08 
2.10 3.566 0.005 
5.47 9.288 0.08 

1343.72 2281.793 24 

LOAELTRV 
(mg!kg 

BW/day) 

0.36 
0.99 
72.40 
0.25 

0.023 
0.13 
48 

0.36 
0.99 
72.40 
0.25 

0.023 
0.13 
48 

0.36 
0.99 
72.40 
0.25 
0.023 
0.13 
48 

0.36 
0.99 
72.40 
0.25 
0.023 
0.13 
48 

l 

HQs greater than one are shown m boldface type. 

Earthworm 
Ingestion HQ 

NOAEL 

lE+Ol 
2E+Ol 
6E-01 
4E+02 
2E+02 
3E+Ol 
2E+Ol 

6E+02 
4E+Ol 
2E+02 
6E-01 
3E+03 
4E+02 
3E+Ol 
4E+Ol 

4E+03 

3E+Ol 
4E+Ol 
6E-01 
2E+03 
2E+02 
3E+Ol 
3E+Ol 

2E+03 

2E+02 
SE+02 
1E+OO 
2E+04 
8E+02 
1E+02 
1E+02 
2E+04 

EPC is equal to the estimated earthwonn concentration based on the minimum of the 95UCL and the maximum in soil. 

Em1hwonn tissue concentrations were estimated using the equation: ln(conc in earthwonn dw)=B 0+B1(1n[conc in soil dw]) 
D1y weight concentrations were converted to wet weight using a conversion factor (CF) of0.84 [EPA, 1993]. dw = ww * CF 
Mercwy TR V is based on organic mercmy. 

Wildlite Risk Earthwonn rev.xls: HQ Cales Page I of I 

DRAFT 

Earthworm 
Ingestion HQ 

LOAEL 

SE+OO 
lE+Ol 
3E-01 
1E+02 
4E+Ol 
2E+Ol 
lE+Ol 

2E+02 

lE+Ol 
1E+02 
3E-Ol 
1E+03 
8E+Ol 
2E+Ol 
2E+Ol 

1E+03 

9E+OO 
2E+Ol 
3E-Ol 
6E+02 
SE+Ol 
2E+Ol 
2E+Ol 

7E+02 

SE+Ol 
2E+02 
6E-01 
SE+03 
2E+02 
7E+Ol 
SE+Ol 

6E+03 



., Hazard Quotients (HQs) for the Ingestion of Fish 
Wildlife Receptor- Belted Kingfisher 

Ri<'hardson Flat Tailings Site 

Screening Ecological Risk Assessment 

Designated Rt>ach 

Upstream Silver 
Creek 

Down~tream Silver 
Creek 

South Diversion 
Ditch 

\Vetlauds . ..\rea 

:-.J.A \at Avculabl~ 

NC =:-..rot C.liculaled 

ParnmetC"r 

Aluminum 

Antimony 

Arsenic 

Barium 
Cadmium 

Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 

Nickel 
Selenium 

Thallium 
Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

A.rsenic 
Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 
Manganese 

Mercury 

Nickel 
Selenium 

Thallium 
Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 
Cadmium 

Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 

Nickel 

Selenium 

Thallium 
Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

CadmiUm 

Chromium 

Cobalt 
Copper 

Lead 
Manganese 

Mercury 

Nickel 
Selenium 

Thallium 
Vanadium 

Zinc 
TOTAL HI 

EPC(mg/kg CalcuJated Dose 
ww)* (mg/kg B\V/day) 

15.220 7553.1313 

339 4~ 1.4762 

1.735 86!.5986 

NA NA 
179 83.8912 

42 20.8571 

NA NA 
2,559 I 270.7959 

42.990 21343.7755 

NA NA 
1.6 0. 7946 

NA NA 
33.5 16.6361 

NA NA 
NA NA 

44,560 22128.4354 

11,590 5755.5782 

14ll 69.5238 
341 169.3~01 

NA NA 
58 28.8027 

32 15.8912 

NA NA 
766 330.3946 

11.130 5527.1429 

NA NA 
0.44 0.2185 

NA NA 
II 5.4626 

NA NA 
NA NA 

11,950 5934.3537 

15,125 7511.2714 

93 46.1194 

163 80.8826 

NA NA 
66.2 32.8656 

23.5 11.6791 

NA NA 
270 133.8966 

3.042 1510.5955 

NA NA 
1.6 ll.7946 

NA NA 
7.0 3.4666 

NA NA 
NA NA 

12,000 5959.1837 

28,3llU 143U2.U4US 

99 49.1633 
299.8 148.8654 

562 279.0884 

93.1 46.2333 

62A 30.9878 

20 9.9320 

7:!5 360.0340 

6,520 3237.S231 

42.Ul>O 2US57.1429 

s.::: 4.0721 

97.2 .JS.2694 

43.1 21.4034 

12.16 6.0395 
70.6 35.0599 

15,200 7548.2993 

i<:\:)sumes a sediment to fish t1ssue bwac<.:umulation factor (8.4-F) of I. 

HQs greater than one are shown in boldface type. 
EPC !S equal to the minimum of the 95UCL and the maximum. 

Mercury TRV is based on orgamc mercury. 
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TRV 
(mg/kg 

RW/dav\ 

7.0 

NA 
0.3 
2.8 

0.09 

0.2 

0.3 
4.0 

0.9 

65 

0.09 

5.2 
0.100 

NA 
2.3 

26 

7.0 

NA 
O.S 

2.S 
0.09 

0.2 

0.3 

.J.O 

0.9 

65 

0.09 

5.2 

0.100 

NA 
2.3 

26 

7.0 

NA 
u.s 
2.8 

ll.09 

0.2 
0.3 
4.0 

0.9 

65 

0.09 

5.2 

O.IOV 

NA 
2.3 

26 

-7.U 
NA 
O.S 

2.S 

0.09 

0.2 

0.3 

4.0 

0.9 

65 

0.09 

5.2 

O.IUU 

NA 
2.3 

26 

TRV 
(mg/kg 

RUlhl•\ 

35 

NA 
7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

1.3 

195 

0.13 

15 

0.20 
NA 
6.8 

79 

35 

NA 
7.1 

5.6 

2.4 

1.0 

0.5 

6.0 

l.S 

195 
O.IS 

15 

0.20 

NA 
6.8 

79 

35 

NA 
7.1 

5.6 

2.4 

l.l> 

0.5 

6.0 

1.3 
!95 

O.IS 

15 
0.20 

NA 
6.8 

79 

35 

NA 
7.1 

5.6 

2.4 

l.U 
0.5 

6.0 

1.3 

195 

0.1 s 
15 

0.20 

NA 
6.8 

79 
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Fish Ingestion HQ 

NOAEL LOAEL 
1E+03 2E+02 

NC NC 
lE·HJJ 1E+02 

NC NC 
1E+03 4E+01 

1E+02 2E+Ol 

NC NC 
3E+02 2E+02 

2E+04 1E+04 

NC NC 
9E+OO 4E+OO 

NC NC 
2E+02 SE+Ol 

NC NC 
NC NC 

8E+02 3E+02 

3E+04 1E+04 
8E+02 2E+02 

NC NC 
2E+02 2E+Ol 

NC NC 
3E+02 lE+Ol 

8E+01 2E+Ol 

NC NC 
9E+Ol 6E+Ol 
6E+03 3E+03 

NC NC 
2E+OO IE+UO 

NC NC 
SE+Ol 3E+Ol 

NC NC 
NC NC 

2E+02 8E+01 

8E+03 4E+03 
1E+03 2E+02 

NC NC 
IE+02 1E+Ol 

NC NC 
4E+02 lE+Ol 

6E+01 lE+Ol 

NC NC 
3E+Ol 2E+01 

2E+03 9£+02 

NC NC 
9E+OO 4E+OO 

NC NC 
3E+OI 2E+Ol 

NC NC 
NC NC 

2E+02 8E+Ol 

4E+03 1E+03 
2E+03 4E+02 

NC NC 
2E+02 2E+Ol 

IE+02 SE+Ol 

5E+02 2E+Ol 

2E+02 3E+Ol 

4E+Ol 2E+Ol 

9E+Ol 6E+Ol 

4E+03 2E+03 

3E+02 1E+02 

SE+Ol 2E+Ol 

9E+OO 3E+OO 

2E+02 1E+02 

NC NC 
2E+01 SE+OO 

3E+02 1E+02 
8E+03 3E+03 

.-:O.ugust .:!001 



Hazard Quotients (HQs) for the Ingestion of Fish 
Wildlife Receptor- Mink 

Richardson Flat Tailings Site 
Screening Ecologicul Risk Assessment 

De-signated Reach 

Upstream Sill'er 
Cree-k 

Downstream Silver 
Creek 

South Diversion 
Ditch 

\Vetlands .--\.rea 

NA- Not.-\va.Uable 

NC ==Not C:llculated 

Paramete-r 

Aluminum 

Antimony 
Arsenic 
Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 
Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

Antimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 
Aluminum 

t-\.ntimony 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Thallium 

Vanadium 

Zinc 
TOTAL HI 

EPC(mg/kg Calculate-d Dose 
ww)* (mg/kg BW/day) 

15,2::!0 2436.2950 

SS9 142.3040 

1.735 277.7248 

NA NA 

179 ~8.6529 

42 6.7230 

NA NA 

2,559 409.6241 

42,990 6SS l.492S 

NA NA 

1.6 0.2561 

NA NA 

33.5 5.3624 

NA NA 

NA NA 

44,560 7132.8058 

11,590 1S55.233S 

140 22.4101 

341 54.5845 

NA NA 

58 9.2842 

32 5.1223 

NA NA 

766 122.6151 

II ,13U 17S 1.6007 

NA NA 

0.44 0.0704 

NA NA 

11 1.760S 

NA NA 

NA NA 

11,950 1912.8597 

15,125 2421.1581 

93 14.S660 

163 26.0714 

NA NA 

66.2 !0.593S 

.::!3.5 3. 7646 

NA NA 

270 43.159S 

3,042 4S6.9203 

NA NA 

1.6 0.2561 

NA NA 
7.0 1.1174 

NA NA 

NA NA 

12.000 1920.8633 

' 2S.SOO 4610.0719 

99 15.8471 

299.8 47.9848 

56:! S9.96tl4 

93.1 14.9027 

62.4 9.9885 

20 3.2014 

7~5 116.0522 

6.520 1043.6691 

..t:!.OOU 67::!3.0216 

8.2 1.3126 

97.2 15.5590 

43.1 6.8991 

12.16 1.9467 

70.6 11.3011 

15,100 2433.0935 

*Assumes a sediment to fish tissue bwaccumulation factor ( BAF) of I. 

HQs greater than one are shown in boldface type. 
EPC is equal to the minimum of the 95UCL and the maximum. 

Mercury TRV is based on organic mercury. 
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TRV 
(mg/kg 

RWI.J .. ,.,\ 

1.4 

ll.01 

0.2 

2.0 
0.50 

soo 
1.3 

S.S 

0.3 

IS 

1.37 

s.u 
0.079 

0.002 

0.7 

311 

1.4 

0.01 

0.2 
2.0 

0.50 

soo 
1.3 

S.S 

0.3 

IS 

1.37 

S.O 

0.079 

0.002 

0.7 

311 

1.4 

0.01 

0.2 
2.0 

0.50 

sou 
1.3 

S.S 

0.3 

IS 

1.37 

S.O 
tl.079 

0.002 

0.7 

311 

1.4 

0.01 

0.2 
2.0 

0.50 

soo 
1.3 

S.S 

0.3 

1S 

1.37 

S.O 
0.079 

U.UU2 

1!.7 

311 

TRV 
(mg/kg 

RW/dau\ 

7 

0.01 
0.5 

6.1 

l.U 

2400.0 

4.0 

12.8 

0.6 

57 

4.11 

24 

0.13 

0.01 

2.0 

933 

7 

0.02 

0.5 

6.1 

1.0 

2400.0 

4.0 

12.8 
0.6 

57 

4.11 

24 

0.13 

0.01 

2.0 

933 

7 

0.02 
0.5 

6.1 

1.0 

2400.0 

4.0 

12.S 

0.6 

57 

4.11 

24 
0.13 

0.01 

1.0 

933 

7 

o.o2 

0.5 

6.1 

1.0 

2400.0 

4.0 

12.8 

0.6 

57 

4.11 

24 

0.13 

0.01 

2.0 

933 
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Fish Inge-stion HQ 

NOAEL LOAEL 

2E+03 4E+02 

2E+04 8E+03 

2E+03 6E+02 

NC NC 

6E+Ol JE+Ol 

SE-03 3E-03 

NC NC 

SE+Ol JE+OI 

2E+04 IE+04 

NC NC 

2E-Ol 6E-02 

NC NC 

7E+Ol 4E+OI 

NC NC 

NC NC 

21!:-Hll SE+OO 

SE-Hl4 21!:+04 

IE+03 3E+02 

4E+03 IE+OJ 

4E-Hl2 IE+02 

NC NC 

2E-Hll 9E+OO 

6E-03 2E-u3 
NC NC 

IE+OI IE+OI 

6E-Hl3 3E+03 

NC NC 

5E-02 ~E-02 

NC NC 

2E+Ol IE+OI 

NC NC 

NC NC 

6E-Hl0 21!:-HIO 

1E-Hl4 SE-Hl3 

2E+03 4E+02 

2E+03 8E+02 

2E+02 6E+Ol 

NC NC 

2E+Ol lE+Ol 

5E-03 2E-03 
NC NC 

SE+OO JE+OO 

2E-Hl3 8E+02 

NC NC 

2E-Ol 6E-02 

NC NC 

lE+Ol 9E+OO 

NC NC 

NC NC 

6E+OO 2E+OO 

6E-Hl3 2E-Hl3 

JE+03 7E+02 

3E+03 8E+02 

JE+02 IE+02 

4E+OI IE+Ol 

3E+Ol 2E-Hll 

1E-u2 4E-03 

2E+OO SE-ul 

!E+Ol 9E-Hl0 

3E+03 2E+03 

4E+02 1E-Hl2 

IE+OO 3E-O I 

2E+OO 6E-01 

9E+OI SE+OI 

IE+03 JE+02 

2E+OI 6E+OO 

8E+OO 3E+OO 

1E+04 4E-Hl3 

Augu.:a :::!001 
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Designated Reach 

llflstream Silver 
Creek 

Hazard Quotients (HQs) for the Ingestion of Benthics 
Wildlife Receptor- MaUard Duck 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

Calculatffl Dose 
NOAEL LOAEL Benthic Inge-stion HQ 

Parameter EPC (mWJ<g 
ww)* 

TRV (m;'kg TRV (mg/kg 
(mglkg BW/day) BW/day) BW/day) f--N-O_A_E_L-,-L-O_A_E_L---1 

Alumtnum 2,283 635.8270 7.0 35 9E+ill 2E+ill 
Antimony ·133 37.13R6 NA NA NC NC 

Arsenic 180 50.0118 0.8 7.1 6E+ill 7E+OO 

Boriwn NA NA 2.8 5.6 NC NC 

Cadmium 1115.6175 310.7051 0.09 2.-1 ~E+il3 lE+ill 

Chromium :!.9484 0.8211 0.2 1.0 4E+il0 8E-tli 

Cobalt NA NA 0.3 0.5 NC NC 

Copper 9,1b:! :!551.8021 4.0 6.0 6E+il2 4E+02 

Lead 3,914 1090.1354 0.9 1.8 1E+03 6E+02 

Manganese NA NA 65 195 NC NC 

Mercrny 0.68832 0.1917 0.09 0.18 2E+il0 IETOO 

Nickel NA NA 5.2 15 NC NC 
Selen"ium 4.8 1.3368 0.100 0.20 !E+OI 7E+OO 

Thallium NA NA NA NA NC NC 

Vanadium NA NA 2.3 6.8 NC NC 

Zinc 50,310 14011.7181 :!6 79 5E+02 2E+02 

TOTAL HI 6E+03 1E+03 
Aluminum 1,739 ~84.1810 7.0 35 7E+ill IE+OI 

Antimony 21 .:' . .8~86 NA NA NC NC 

Arnenic 35.:!935 9.8294 0.8 7.1 IE+ill IE+OO 

Banwn NA NA :!.8 5.6 NC NC 
Cachnium 361.485 100.6754 0.09 2.4 IE+03 ~E+ill 

Chromium :!.2-164 0.6256 0.2 1.0 3E+OO 6E-01 

Cobalt NA NA 0.3 0.5 NC NC 

Downstreum Silver f-__:;C:::.op~p:..;e::.r_+-_:2::.,7:,4:.;3-+--7;,.:6:;,:3;:,.8~4;::5.,4_--+-_:.J,:;.O;--ji--_:6;.:.:;.0--+-~2E;,.+il~2:-+---:I::;E:-,+-;;0-:-2--I 
Creek Lead 1,013 ::!82.2332 0.9 1.8 3E+02 2E+02 

South Diversion 
Ditch 

\Vetla nds .-\.re~t 

NA - N01 A vru.lable 

~C =Not CJ.l.cu.lated 

Manganese NA NA 65 195 NC NC 

Mercrny 0.189288 0.0527 0.09 0.18 6E-OI 3E-OI 

Nickel NA NA 5.:! 15 NC NC 

Selenium 1.65 0.+595 0.!00 0.:!0 5E+OO 2E+OO 

Thallium NA NA NA NA NC NC 

Vanadium NA NA :!.3 6.8 NC NC 

Zinc 13.492 3757.6309 26 79 1E+02 SE+Ol 

TOTAL HI ZE+03 4E+02 
Aluminum :!,:!69 631.8765 7.0 35 9E+ill 2E+OI 

Antimony 14 3.8797 NA NA NC NC 

Arsenic 17 4.6949 0.8 7.1 6E+OO 7E-O! 

Barium NA NA 2.8 5.6 NC NC 
Cadmium 412.5 114.8764 0.09 2.+ 1E+03 5E+OI 

Chromium 1.7 0.4598 0.2 1.0 ZE+OO 5E-tH 

Cobalt NA NA 0.3 0.5 NC NC 

Copper 965 :!68.8689 4.0 6.0 7E+ill 4E+OI 

Lead 277 77.!357 0.9 1.8 9E+Ol 4E+OI 

Manganese NA NA 65 195 NC NC 

Mercrny 0.6883:! 0.1917 0.09 U.l8 2E+OO I E+OO 

Nickel NA NA .5.2 15 NC NC 

Selenium 1.0 O.c916 0.100 0.20 3E+OO IE+OO 

Thallium NA NA NA NA NC NC 
Vanadium NA NA 2.3 6.8 NC NC 

Zinc 13,549 3773.3532 26 79 1E+02 SE+Ol 

TOTAL HI 2E+03 2E+02 
Alummum -1-.320 1203.1417 7.ll 35 2E+{)2 3E+Ol 

Antimonv 15 -1.1358 NA NA NC NC 
Arsenic 31.0 8.6410 0.8 7.1 lE+ill 1E+OO 

Barium 8-1.3 :!3.4780 :!.8 5.6 8E+il0 4E+OO 

Cadmium 580.2~575 161.601~ 0.09 :!.4 2E+03 7E+OI 

Chrotruum 4.38048 1.2200 0.: l.o 6E+il0 !E+OO 

Cobalt 15.75 -+.3865 0.3 0.5 ZE+Ol 8E+OO 
Copper 2,596 7:2.9607 4.U o.o ZE+OZ 1E+<12 

Lead 594 165.3334 O.o 1.8 2E+il2 9E+OI 

Manganese 6,300 1754.5816 65 195 3E+Ol 9E+OO 

Mercury 3.52764 0.9825 0.09 0.18 lE+Ol 5E+OO 

Nickel 33.8256 9.4Z06 5.2 15 ZE+OO 6E-OI 

Selemwn 6.-165 1.8005 0.100 U.2o 2E+OI 9E+OO 

Thailium !.S: 1>.5081 NA NA NC NC 

Vanadium 10.59 ::..9494 2.3 6.8 IE+llO -1-E-01 

Zinc 17,162 4779.5807 26 79 ZE+ilZ 6E-+ill 

TOTAL HI 3E+03 4E+02 

Benthic trssue concentration:; were estimated u:;mg the equation: (cone Ul benthics dw) = BSAF ·i= (cone in soil dw) 

Dry weight concentrations were converted to wet weight usmg a conversion factor (CF) of 0.15 [USF\VS, 1998]. 

H Qs greater than one are mown in boldface type. 
Mercwy TRV is based on organic mercury. 
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CALCULATION OF HAZARDS FOR PLANTS FROM 
DIRECT CONTACT WITH SOILS/TAILINGS 
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APPENDIX F 
Plant Haza1·d Quotients (HQs) fo1· Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessme11t 

.., Aver:::~.ge concentration aaoss all depths· duplic::J.te/splir samples averaged with field samples -

Reach Parameter Station ID 
Cone 

(tnl!,lkl!.)* 

Background Soils Arsenic RF-BG-BG! 11.0 
Background Soils Lead RF-BG-BGl 47.0 
Background Soils Arsenic RF-BG-BG!O 7.0 
Background Soils Barium RF-BG-BGIO 220.0 
Background Soils Cadmium RF-BG-BG10 0.3 
Background Soils Chromium RF-BG-BGIO 22.5 
Background Soils Copper RF-BG-BGIO 15.5 
Background Soils Lead RF-BG-BG10 30.5 
Background Soils MercUJy RF-BG-BGIO 0.1 
Background Soils Selenium RF-BG-BG!O 2.5 
Background Soils Silver RF-BG-BGIO 2.5 
Background Soils Zinc RF-BG-BG10 93.0 
Background Soils Arsenic RF-BG-BG2 8.1 
Background Soils Lead RF-BG-BG2 26.0 
Background Soils Arsenic RF-BG-BG3 8.6 
Background Soils Lend RF-BG-BG3 22.0 
Background Soils Arsenic RF-BG-BG4 9.2 
Background Soils Lead RF-BG-BG4 25.0 
Background Soils Arsenic RF-BG-BG5 11.0 
Background Soils Lead RF-BG-BG5 43.0 
Background Soils Arsenic RF-BG-BG6 7.0 
Background Soils Lead RF-BG-BG6 30.0 
Background Soils Arsenic RF-BG-BG7 6.9 
Background Soils Lead RF-BG-BG7 25.0 
Background Soils Arsenic RF-BG-BG8 14.0 
Background Soils Barium RF-BG-BG8 265.0 
Background Soils Cadmium RF-BG-BG8 1.0 
Background Soils Chromium RF-BG-BG8 20.0 
Background Soils Copper RF-BG-BGS 29.0 
Background Soils Lead RF-BG-BG8 84.0 
Background Soils Mercury RF-BG-BG8 0.2 
Background Soils Selenium RF-BG-BG8 2.5 
Background Soils Silver RF-BG-BG8 2.5 
Background Soils Zinc RF-BG-BG8 127.0 
Background Soils Arsenic RF-BG-BG9 6.7 
Background Soils Lead RF-BG-BG9 98.0 

Off-Impoundment Soils Arsenic RF-OF-TIA 26.0 
Off-Impoundment Soils Lead RF-OF-TIA 470.5 
Off-Impoundment Soils Arsenic RF-OF-TIB 11.0 
Off-Impoundment Soils Lead RF-OF-TIB 101.0 
Off-Impoundment Soils Arsenic RF-OF-TIC 8.5 
Off-Impoundment Soils Barium RF-OF-TIC 193.5 
Off-Impoundment Soils Cadmium RF-OF-TIC 1.0 
Off-Impoundment Soils Chromium RF-OF-TIC 21.5 
Off-Impoundment Soils Copper RF-OF-TIC 24.0 
Off-Impoundment Soils Lead RF-OF-TIC 77.0 
Off-Impoundment Soils Mercu1y RF-OF-TIC 0.1 
Off-Impoundment Soils Selenium RF-OF-TIC 2.5 
Off-Impoundment Soils Silver RF-OF-TIC 2.5 
Off-Impoundment Soils Zinc RF-OF-TIC 145.0 
Off-Impoundment Soils .A.!-senic RF-OF-TID 8.5 
Off-Impoundment Soils Lead RF-OF-TID 76.0 
Off-Impoundment Soils Arsenic RF-OF-TIE 9.1 
Off-Impoundment Soils Lead RF-OF-TIE 53.3 
Off-Impoundment Soils Arsenic RF-OF-TIF 10.5 
Off-Impoundment Soils Lead RF-OF-TIF 64.5 
Off-Impoundment Soils Arsenic RF-OF-TIG 9.2 

Off-Impoundment Soils Lead RF-OF-TIG 46.5 
Off-Impoundment Soils Arsenic RF-OF-TIH 10.0 
Off-Impoundment Soils Lead RF-OF-TIH 32.5 
Off-Impoundment Soils .A.!"Seruc RF-OF-T:~A 37.0 

Off-Impoundment Soils Lead RF-OF-T2A 471.0 
Off-Impoundment Soils .A.!"Senic RF-OF-T2B 13.0 
Off-Impoundment Soils Lead RF-OF-T2B 120.5 

Plant Risk_ Sui I Distrib rev.xls: HQ Cales 

Plant Benchmark 
(mg/kg dw) 

Lo"' High 

10 100 

50 1000 

10 100 

500 NA 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

10 100 

50 1000 

10 100 

50 1000 
10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

10 100 

500 NA 

4 100 

1 NA 

lDO NA 
50 1000 

35 NA 

1 NA 

2 NA 

50 500 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

10 100 

500 NA 

4 100 

1 NA 
100 NA 

50 1000 

35 NA 

1 NA 
2 NA 

50 500 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 
10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

DRAFT 

SoiiHQ 

Low High 

IE +DO IE-OJ 
9E-Ol 5E-02 
7E-Ol 7E-02 
4E-Ol NC 
6E-02 3E-03 
2E+OJ NC 
2E-Ol NC 
6E-Ol 3E-02 
lE-03 NC 

JE+OO NC 
IE +DO NC 
2E+OO 2E-Ol 
8E-Ol 8E-02 
5E-OI 3E-02 
9E-OI 9E-02 
4E-Ol 2E-02 
9E-Ol 9E-02 
5E-OI 3E-02 
IE +DO IE-OJ 
9E-Ol 4E-02 
7E-Ol 7E-02 
6E-Ol 3E-02 
7E-Ol 7E-02 
5E-OI 3E-02 
IE +DO IE-01 
5E-Ol NC 
3E-Ol IE-02 

2E+OJ NC 
3E-Dl NC 

2E+OO 8E-02 
4E-03 NC 

JE+OO NC 
IE+OO NC 

JE+OO 3E-Ol 
7E-Ol 7E-02 

2E+OO IE-01 
JE+OO 3E-Ol 
9E+OO 5E-Ol 
IE +DO IE-01 

2E+OO IE-01 
9E-Ol 9E-02 
4E-Ol NC 
3E-Ol lE-02 
2E+OJ NC 
2E-Ol NC 

2E+OO 8E-02 
IE-03 NC 

3E+OO NC 
IE +DO NC 

3E+OO .lE-01 
8E-01 8E-02 

2E+OO 8E-02 
9E-Ol 9E-02 
IE+IlO 5E-02 
IE +DO IE-OJ 
IE +DO 6E-02 
9E-Ol 9E-02 
9E-Ol 5E-02 
lE+OO lE-O! 
7E-Ol JE-02 

.JE+OO 4E-Ol 
9E+OO 5E-Ol 
lE+OO lE-O! 

2E+OO lEO! 



APPENDL'XF 
Plant Hazard Quotients (BQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmellt 

* Averaoe concentration across all de:pths· duplicate/split samples aver:J.oed with fiel:l samples ~ ~ ' 

Reach Parameter Station ID 
Cone 

(mo/kg)"" 

Off-hnpouudment Soils Arsenic RF-OF-T2C 129.0 
Off-hnpoundment Soils Lead RF-OF-T2C 3,308.0 
Off-hnpoundment Soils Arsenic RF-OF-T2D 279.5 
Off-hnpoundment Soils Lead RF-OF-T2D 6,070.0 
Off-hnpoundment Soils Arsenic RF-OF-T2E 245.5 
Off-Impoundment Soils Lead RF-OF-T2E 5,179.5 
Off-Impoundment Soils A . .rsenic RF-OF-T2F !!.3 
Off-hnpoundment Soils Bmium RF-OF-T2F 233.8 
Off-Impoundment Soils Cadmium RF-OF-T2F 0.9 
Off-Impoundment Soils Chromium RF-OF-T2F 21.5 
Off-Impoundment Soils Copper RF-OF-T2F 30.3 
Off-Impoundment Soils Lead RF-OF-T2F 1!2.5 
Off-Impoundment Soils Mercury RF-OF-T2F 0.1 
oft: Impoundment Soils Selenium RF-OF-T2F 2.5 
Off-hnpoundment Soils Silver RF-OF-T2F 2.5 
Off-Impoundment Soils Zinc RF-OF-T2F 178.3 
Off-impoundment Soils Arsenic RF-OF-T2G 7.6 
Off-Impoundment Soils Lead RF-OF-T2G 19.5 
Off-hnpoundment Soils Arsenic RF-OF-T2H 8.0 
Off-Impoundment Soils Barium RF-OF-T2H 303.0 
Off-Impoundment Soils Cadmium RF-OF-T2H 0.6 
Off-Impoundment Soils Chromium RF-OF-T2H 30.5 
Off-Impoundment Soils Copper RF-OF-T2H 24.0 
Off-Impoundment Soils Lead RF-OF-T2H 48.0 
Off-Impoundment Soils Mercury RF-OF-T2H 0.! 

Off-Impoundment Soils Selenium RF-OF-T2H 2.5 
Off-Impoundment Soils Silver RF-OF-T2H 2.5 
Off-hnpoundment Soils Zinc RF-OF-T2H 93.0 
Off-hnpoundment Soils Arsenic RF-OF-T2! 7.4 

Off-hnpoundrnent Soils Lead RF-OF-T2I 46.5 

Off-Impoundment Soils Arsenic RF-OF-T2J 8.5 
Off-hnpoundmeut Soils Lead RF-OF-T2J 39.5 
Off-hnpoundrnent Soils Arsen.ic RF-OF-T3A 9.3 
Off-Impoundment Soils Lead RF-OF-T3A 55.0 
Off-Impoundment Soils Arsenic RF-OF-T3B 37.0 
Off-Impoundment Soils Barium RF-OF-T3B 225.5 

Off-Impoundment Soils Cadmium RF-OF-T3B 29.5 
Off-Impoundment Soils Chromium RF-OF-TJB 20.5 
Off-Impoundment Soils Copper RF-OF-T3B 89.5 

Off-Impoundment Soils Lead RF-OF-T3B 812.5 
Off-Impoundment Soils Mercury RF-OF-T3B 3.1 
Off-hnpoundment Soils Selenium RF-OF-T3B 2.5 
Off-hnpoundrnent Soils Silver RF-OF-T3B 2.5 
Off-hnpoundment Soils Zinc RF-OF-T3B 1,366.5 
Off-Impoundment Soils Arsenic RF-OF-T3C 8.6 
Off-hnpoundrnent Soils Lead RF-OF-TJC 53.5 
Off-hnpoundment Soils Arsenic RF-OF-T3D 7.5 
Off-Impoundment Soils Barium RF-OF-T3D 403.0 
Off-hnpoundment Soils Cadmium RF-OF-T3D 1.0 
Off-hnpoundment Soils Chromium RF-OF-T3D 21.3 
Off-hnpoundment Soils Copper RF-OF-T3D 33.3 
Off-Impoundment Soils Lead RF-OF-T3D 53.5 
Off-hnpoundment Soils Mercllly RF-OF-T3D 0.1 
Off-hnpoundrnent Soils Selenium RF-OF-T3D 2.5 

Off-hnpoundment Soils Silver RF-OF-T3D 2.5 
Off-hnpoundment Soils Zinc RF-OF-T3D 138.3 
Off-Impoundment Soils Arsenic RF-OF-T3E 6.7 
Off-hnpoundrnent Soils Lead RF-OF-T3E 17.5 
Off-Impoundment Soils Arsenic RF-OF-T3F 7.5 
Off-hnpoundment Soils Lead RF-OF-T3F 19 0 
Off-Impoundment Soils Arsenic RF-OF-T3G 6.5 

Off-hnpoundment Soils Lead RF-OF-T3G 27.5 

Off-hnpoundment Soils Arsenic RF-OF-T3H 7.0 
Off-hnpoundment Soils Lead RF-OF-T3H 27.0 

Plant Risk_Suil Distrib rev.xls: HQ CJlcs 

Plant Benchmark 
(mg/kg dw) 

Low High 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

!0 100 
500 NA 
4 100 
I NA 

100 NA 
50 1000 

35 NA 

I NA 

2 NA 
50 500 
10 100 
50 1000 
10 100 

500 NA 
4 100 

I NA 
100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

10 100 

50 !000 
10 100 
50 1000 
10 100 
50 1000 

10 !00 

500 NA 
4 100 

1 NA 
100 NA 
50 1000 
35 NA 
I NA 

2 NA 
50 500 
10 !00 

50 1000 

10 100 

500 NA 

4 100 

I NA 

100 NA 

50 !000 

35 NA 

I NA 

2 NA 

50 500 

10 100 
50 1000 

10 100 

50 1000 

10 100 

50 1000 

10 100 

50 1000 

DRAFT 

Soi!HQ 

Low High 

JE+Ol IE+OO 
7E+Ol 3E+OO 

3E+Ol 3E+OO 

1E+02 6E+OO 

2E+Ol 2E+OO 

JE+02 5E+OO 

IE+OO 1E-OI 
5E-Ol NC 
2E-01 9£-03 

2E+Ol NC 
3£-01 NC 

2E+OO IE-01 

IE-03 NC 
3E+OO NC 
!E+OO NC 

4E+OO 4£-0i 
8E-Ol 8£-02 

4E-Ol 2£-02 

SE-01 8E-02 

6£-01 NC 
2E-OI 6E-03 

3E+Ol NC 
2E-Ol NC 
IE+OO 5E-02 

IE-03 NC 
3E+OO NC 
IE+OO NC 

2E+OO 2E-Ol 

7£-01 7E-02 

9£-01 5£-02 

9E-Ol 9£-02 
8E-Ol 4E-02 

9E-Ol 9£-02 
IE+OO 6E-02 

4E+OO 4E-Ol 

5£-01 NC 
7E+OO 3E-Ol 
2E+Ol 1\fC 
9£-01 NC 

2E+OJ 8£-01 
9E-02 NC 

3E+OO NC 
IE+OO NC 

3E+Ol JE+po 

9E-Ol 9E-02 
IE+i)O 5£-02 
8E-Ol 8E-02 

8E-Ol NC 
3E-Ol IE-02 
2E+Ol NC 
3£-01 NC 
IE+OO 5£-02 

2E-03 NC 
3E+OO NC 
IE+OO NC 

3E+OO 3E-Ol 

7E-Ol 7E-02 

4E-Ol 2E-02 

7£-01 7E-02 

4£-01 2E-02 

7E-Ol 7£-02 

6£-01 3£-02 

7£-01 7E-02 

5£-01 3E-02 



APPENDIX F 
Plant Haza•·d Quotients (IIQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Saeening Ecological Risk Assessment 

""'Averaoe concentr~nmn Jcross ;:dl Licpths' dupJi~Jte'split so.mples JveJ.loed with field samples ~ 
c ~ 

Reach Parameter Station ID 
Cooc 

(mo/kg)* 

Off-Impoundment Soils Arsenic RF-OF-T31 9.2 
Off-Impoundment Soils Lead RF-OF-T3l 25.0 
Off-Impoundment Soils Arsenic RF-OF-T3J 9.2 
Off-Impoundment Soils Lead RF-OF-T3J 47.0 
Off-Impoundment Soils Arsenic SAB-1 12.0 
Off-Impoundment Soils Lead SAB-1 98.0 

Off-Impoundment Soils Arsenic SAB-2 !4.0 

Off-Impoundment Soils Lead SAB-2 !35.0 

Off-Impoundment Soils Arsenic SAB-3 11.0 
Off-Impoundment Soils Lead SAB-3 75.0 

Off-Impoundment Soils Arseuic SAB-4 12.0 

Oft:Impoundment Soils Lend SAB-4 144.0 

Off-Impoundment Soils Arsenic SAB-5 12.0 

Off-Impoundment Soils Lead SAB-5 53.0 

Off-Impoundment Soils Arsenic SAB-7 30.0 
Off-Impoundment Soils Lead SAB-7 165.0 
Off-Impoundment Soils Arsenic SAB-8 23.0 
oft: Impoundment Soils Lead SAB-8 63.0 
On-Impoundment Soils Arsenic RF-ON-1A 15.0 
On-Impoundment Soils Lead RF-ON-1A 37.0 

On-Impoundment Soils Arsenic RF-ON-IB 9.1 

On-Impoundment Soils Lead RF-ON-1B 44.0 

On-Impoundment Soils Arsenic RF-ON-IC 12.0 

On-Impoundment Soils Lead RF-ON-1C 16:>.0 

On-Impoundment Soils Arsenic RF-ON-lD 10.0 

On-Impoundment Soils Lead RF-ON-1D 96.0 

On-Impoundment Soils Arsenic RF-ON-1E 20.0 

On-Impoundment Soils Lead RF-ON-IE 336.0 

On-Impoundment Soils Arsenic RF-ON-lG 121.0 
On-Impoundment Soils Lead RF-ON-IG 3,239.0 
On-Impoundment Soils Alsenic RF-ON-2A 13.0 

On-Impoundment Soils Lead RF-ON-2A 49.0 

On-Impoundment Soils Arsenic RF-ON-2B 78.0 

On-Impoundment Soils Lead RF-ON-2B 1.155.0 
On-Impoundment Soils Arsenic RF-ON-2C 7.8 

On-Impoundment Soils Lead RF-ON-2C 19.0 

On-Impoundment Soils Arsenic RF-ON-20 6.8 

On-Impoundment Soils Lead RF-ON-20 19.5 

On-Impoundment Soils Arsenic RF-ON-2E 44.0 

On-Impoundment Soils Lead RF-ON-2E 904.5 
On-Impoundment Soils .Arsenic RF-ON-ZF 82.0 
On-Impoundment Soils Lead RF-ON-2F 2,646.0 
On-Impoundment Soils Arsenic RF-ON-2G \2.0 
On-Impoundment Soils Lead RF-Ol)i-2G 59.0 

On-Impoundment Soils Aluminum RF-ON-2H 22.600 0 
On-Impoundment Soils Al1timony RF-ON-2H 2.5 

On-Impoundment Soils Arsenic RF-ON-2H 3.7 

On-Impoundment Soils Barium RF-ON-2H 206.0 

On-Impoundment Soils Cadmium RF-ON-2H 05 
On-Impoundment Soils Chromium RF-ON-2H 22.3 
On-Impoundment Soils Copper RF-ON-2H 15.0 

On-Impoundment Soils Lead RF-ON-2H 25 3 

On-Impoundment Soils Men:uzy RF-ON-2H 0 I 
On-Impoundment S,)ils Selenium RF-ON-2H :;.5 

On-Impoundment Soils Silver RF-ON-2H 2.5 

On-Impoundment Soils Zinc RF-ON-2H 91.3 

On-Impoundment Soils Arsenic RF-ON-3A 49.0 

On-Impoundment Soils Barium RF-ON-3A 210.0 

On-Impoundment Soils Cadmium RF-ON-JA 60 

On-Impoundment Soils Chromium RF-ON-3A 24.0 

On-Impoundment Soils Copper RF-ON-3A 99.0 

On-Impoundment Soils Lead RF-ON-3A 875.0 

On-Impoundment Soils Men:uzy RF-ON-3A 0.7 

On-Impoundment Soils Selenium RF-ON-3A 2.5 

Plont Risk~ Sui I DlStnb rev.:ds: HQ CJics 

Plant Benchmark 
(rug/kg dw) 

Low IDgh 

10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 

50 1000 

10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 

50 1000 
10 100 

50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 
10 100 
50 1000 

10 100 
50 1000 
10 100 
50 1000 
10 100 

50 1000 
10 100 
50 1000 
10 100 

50 1000 
50 NA 

5 NA 

10 100 
500 NA 

4 100 
l NA 

100 NA 

50 1000 
35 NA 

1 NA 

2 NA 
50 500 
10 100 

500 NA 

4 100 

1 NA 
100 NA 
50 1000 
35 NA 
I NA 

DRAFT 

SoiiHQ 

Low High 

9E-Ol 9E-02 
5E-Ol 3E-02 
9E-01 9E-02 
9E-01 5E-02 
1E+OO 1E-01 
2E+OO IE-OJ 
1E+OO JE-01 

3E+OO 1E-01 
!E+OO 1E-01 

2E+OO SE-02 
1E+OO 1E-01 

3E+OO IE-OJ 
1E+OO IE-OJ 
lE+OO 5E-02 

3E+OO 3E-Ol 
3E+OO 2E-Ol 
2E+OO 2E-OI 
1E+OO 6E-02 

2E+OO 2E-01 
7E-OI 4E-02 
9E-OI 9£-02 
9E-OI 4E-02 
IE+OO IE-01 

3E+OO 2E-01 
IE+OO 1E-Ol 

2E+OO 1E-Ol 
2E+OO 2£-01 
7E+OO 3E-OI 
JE+OJ IE+OO 
6E+OJ 3E+OO 
1£+00 1£-01 
1E+OO 5E-02 
8E+OO SE-01 
2E+Ol IE+OO 
8£-01 8E-02 
4£-01 2£-02 
7E-01 7E-02 
4£-01 2E-02 

4E+OO 4£-01 
2E+OJ 9£-01 
8£+00 SE-01 
5E+Ol 3E+OO 
1E+OO 1E-01 
1E-i-QO 6E-02 
5E+02 NC 
5E-Ol NC 
4E-Ol 4£-02 
4E-Ol NC 
lE-01 5£-03 

2E+Ol NC 
2E-01 NC 
5£-01 3E-02 
1£-03 NC 

3E+OO NC 
1E+OO NC 

2E+OO 2E-Ol 
5E+OO 5E-Ol 
4E-01 NC 

2E+OO 6E-02 
2E+OJ NC 
IE+OO NC 

2E+OI 9E-Ol 
2£-02 NC 

3E+OO NC 
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APPENDIXF 
Plant Haz:u·d Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Taillizgs Site 
Screening Ecological Risk Assessmelll 

* <\ver"Jo-e concentration <:lcross all Jepths· duplicare:split samples averaoed with field samples ~ ~ 

Reach Parameter Station ID 
Cone 

(mo/kg)* 

On-Impoundment Soils Silver RF-ON-3A 2.5 

On-Impoundment Soils Zinc RF-ON-3A 1.010.0 
On-Impoundment Soils Aluminum RF-ON-3B 22.400.0 
On-Impoundment Soils Antimony RF-ON-3B 2.5 

On-Impoundment Soils Arsenic RF-ON-3B 36.0 

On-Impoundment Soils Cadmium RF-ON-3B 1.0 

On-Impoundment Soils Chromium RF-ON-3B 20.0 

On-Impoundment Soils Copper RF-ON-3B 53.0 

On-Impoundment Soils Lead RF-ON-3B 528.5 

On-Impoundment Soils Mercury RF-ON-3B 0.2 

On-Impoundment Soils Selenium RF-ON-3B 2.5 

On-Impoundment Soils Silver RF-ON-38 2.5 

On-Impoundment Soils Zinc RF-ON-3B 242.0 

On-Impoundment Soils A.J'Senic RF-ON-3C 6.2 

On-Impoundment Soils Lead RF-ON-3C !50 
On-Impoundment Soils .AJ.uminum RF-ON-30 17,600.0 
On-Impoundment Soils Antimony RF-ON-30 10.0 

On-Impoundment Soils Arsenic RF-ON-30 46.0 

On-Impoundment Soils Bmium RF-ON-30 255.0 

On-Impoundment Soils Cadmium RF-ON-30 3.5 

On-Impoundment Soils Chromium RF-ON-30 24.5 

On-Impoundment Soils Copper RF-ON-30 84.5 

On-Impoundment Soils Lead RF-ON-30 574.5 

On-Impoundment Soils Merctny RF-ON-30 !.0 

On-Impoundment Soils Selenium RF-ON-30 2.5 

On-Impoundment Soils Silver RF-ON-30 2.5 

On-Impoundment Soils Zinc RF-ON-30 748.0 

On-Impoundment Soils Aluminum RF-ON-3E 21.800.0 
On-Impoundment Soils Antimony RF-ON-3E 2.5 

On-Impoundment Soils Arsenic RF-ON-3E 4.0 

On-Impoundment Soils Barium RF-ON-3E 360.5 
On-Impoundment Soils Cadmium RF-ON-3E 0.3 

On-Impoundment Soils Chromium RF-ON-3E 21.7 

On-Impoundment Soils Copper RF-ON-3E 21.3 

On-Impoundment Soils Lead RF-ON-3E 21.0 

On-Impoundment Soils Mercn1y RF-ON-3E 0.1 

On-Impoundment Soils Selenium RF-ON-3E 2.5 

On-Impoundment Soils Silver RF-ON-3E 2.5 

On-Impoundment Soils Zinc RF-ON-3E 62.0 

On-Impoundment Soils Arsenic RF-ON-3F 23.0 

On-Impoundment Soils Lead RF-ON-3F 231.0 

On-Impoundment Soils Arsenic RF-ON-3G 12.0 

On-Impoundment Soils Lead RF-ON-3G 23.0 

Pn-lmpoundment Soils Arsenic RF-ON-3H 7.5 

On-Impoundment Soils Lead RF-ON-3H 25.0 

On-Impoundment Soils Arsenic RF-ON-3I 9.0 

On-Impoundment Soils Barium RF-ON-3I 187.0 

On-Impoundment Soils Cadmium RF-ON-3I 1.0 

On-Impoundment Soils Chromium RF-ON-31 20.0 

On-Impoundment Soils Copper RF-ON-31 25.0 
On-Impoundment Soils Lead RF-ON-31 127.0 

On-Impoundment Soils Mercury RF-ON-3I 0.1 

On-Impoundment Soils Selenium RF-ON-31 2.5 

On-Impoundment Soils Silver RF-ON-31 2.5 

On-Impoundment Soils Zinc RF-ON-31 209.0 

On-Impoundment Soils Arsenic RF-ON-4A 81.0 

On-lmponudment Soils Lead RF-ON-4A 1.350.0 

On-Impoundment Soils .1\ .. rsenic RF-ON-4B 11.0 

On-Impoundment Soils Lead RF-ON-48 63.0 

On-Impoundment Soils Aluminum RF-ON-4C 18.900.0 
On-Impoundment Soils A.ntimony RF-ON-4C 2.5 

On-Impoundment Soils Arsenic RF-ON-4C 12.5 

On-Impoundment Soils Barium RF-ON-4C 240.0 

On-Impoundment Soils Cadmium RF-ON-4C ~-5 

Plan! Risk~ Soil Disinb rev.xls: HQ Cales 

Plant Benchmark 
(mg/kg dw) 

Low High 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

1 NA 
100 NA 

50 1000 

35 NA 

1 NA 

2 NA 
50 500 

10 100 

50 1000 

50 NA 

5 NA 

10 100 

500 NA 

4 100 

I NA 

100 NA 
50 1000 

35 NA 

I NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

500 NA 
4 100 

1 NA 

100 NA 

50 1000 

35 NA 

1 NA 

2 NA 

50 500 

10 100 

50 1000 

10 100 

50 1000 

iO 100 

50 1000 

10 100 

500 NA 

4 100 

1 NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

10 100 

50 [()()() 

10 100 

50 1000 

50 NA 

5 NA 

10 100 

500 CIA 

4 100 

DRAFT 

Soi!HQ 

Low High 

IE+OO NC 
2E+OJ 2£+00 

4£+02 NC 
5E-Ol NC 

4£+00 4E-Ol 
3E-Ol lE-02 

2E+OJ NC 
5E-Ol NC 

JE+OJ 5E-Ol 
5E-03 NC 

JE+OO NC 
lE+OO NC 

5£+00 5E-Ol 

6E-Ol 6E-02 
3E-Ol 2E-02 

4£+02 NC 
2E+OO NC 
5E+OO 5E-Ol 

5E-Ol NC 
9E-Ol 4E-02 

2E+Ol NC 
SE-01 NC 

JE+OJ 6E-OI 

3E-02 NC 
3E+OO NC 
IE+OO NC 

JE+OJ IE+OO 
4£+02 NC 
5E-OI NC 
4E-Ol 4E-02 

7E-Ol NC 
6E-02 3E-03 

2E+OJ NC 
2E-Ol NC 
4E-Ol 2E-02 

1E-03 NC 
3E+OO NC 
lE+OO NC 
lE+OO lE-O! 

2£+00 2E-Ol 
5E+OO 2E-Ol 

lE+OO IE-01 
5E-OI 2E-02 

8E-01 8E-02 

5E-Ol 3E-02 

9E-Ol 9E-02 

4E-01 NC 
3E-01 1E-02 

2E+Ol NC 
3E-Ol NC 

3£+00 lE-01 

lE-03 NC 
3£+00 NC 
IE+OO NC 

4£+00 4E-Ol 

8E+OO 8E-Ol 

JE+OJ 1E+OO 

IE+OO lE-01 

lE+OO 6E-02 

4£+02 NC 
5E-Ol NC 
IE -rOO IE-01 

5E-Ol :VC 
6E-01 3E-02 
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APPENDIX F 
Plaut Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

* Averal-,-e conc""ntration across a !I depths· Juplicatelsplit samples averaoed with field samples ·~ ' ~ 

Reach Parameter Station ID 
Cone 

(mg/kg)* 

On-Impoundment Soils Chromium RF-ON-4C 22.5 
On-Impoundment Soils Copper RF-ON-4C 32.5 
On-Impoundment Soils Lead RF-ONAC 111.5 
On-Impoundment Soils Mere Illy RF-ON-4C 0.5 

On-Impoundment Soils Selenium RF-ON-4C 2.5 

On-Impoundment Soils Silver RF-ON-4C 2.5 

On-Impoundment Soils Zinc RF-ON-4C 222.5 
On-Impoundment Soils ."Juminum RF-ON-4D 21.600.0 
On-Impoundment Soils Antimony RF-ON-4D 2.5 

On-Impoundment Soils i\rsenic RF-ON-4D 6.5 

On-Impoundment Soils Bmium RF-ON-4D 327.0 

On-Impoundment Soils Cadmium RF-ON-4D 0.3 
On-Impoundment Soils Chromium RF-ON-4D 22.5 
On-Impoundment Soils Copper RF-ON-4D 28.0 

On-Impoundment Soils Lead RF-ON-4D 17.5 

On-Impoundment Soils Mercu1y RF-ON-4D 0.1 

On-Impoundment Soils Selenium RF-ON-4D 2.5 

On-Impoundment Soils Silver RF-ON-4D 2.5 

On-Impoundment Soils Zinc RF-ON-4D 80.0 

On-Impoundment Soils Arsenic RF-ON-4E 7.0 

On-Impoundment Soils Lead RF-ON-4E 20.0 

On-Impoundment Soils Aluminum RF-ON-4F 21,900.0 

On-Impoundment Soils Antimony RF-ON-4F 2.5 

On-Impoundment Soils A.rsenic RF-ON-4F 6.7 

On-Impoundment Soils Barium RF-ON-4F 218.5 

On-Impoundment Soils Cadmium RF-ON-4F 0.8 

On-Impoundment Soils Chromium RF-ON-4F 17.0 

On-Impoundment Soils Copper RF-ON-4F 24.7 

On-Impoundment Soils Lead RF-ON-4F 29.3 

On-Impoundment Soils Mercury RF-ON-4F 0.1 

On-Impoundment Soils Selenium RF-ON-4F 2.5 

On-Impoundment Soils Silver RF-ON-4F 2.5 

On-Impoundment Soils Zinc RF-ON-4F 185.3 

On-Impoundment Soils .Aluminum RF-ON-4G 26,100.0 

On-Impoundment Soils Antimony RF-ON-4G 2.5 

On-Impoundment Soils Arsenic RF-ON-4G 6.7 

On-Impoundment Soils Cadmium RF-ON-4G 0.3 

On-Impoundment Soils Chromium RF-ON-4G 20.0 

On-Impoundment Soils Copper RF-ON-4G 38.0 

On-Impoundment Soils Lead RF-ON-4G 22.7 

On-Impoundment Soils Mercury RF-ON-4G 0.1 

On-Impoundment Soils Selenium RF-ON-4G 2.5 

On-Impoundment Soils Silver RF-ON-4G 2.5 

On-Impoundment Soils Zinc RF-ON-4G 100.0 

On-Impoundment Soils Aluminum RF-ON-4H 24,700 0 

On-Impoundment Soils Antimony RF-ON-4H 2.5 

On-Impoundment Soils Arsenic RF-ON-4H 7.0 

On-Impoundment Soils Cadmium RF-ON-4H 0.3 
On-Impoundment Soils Chromium RF-ON-4H 24.0 

On-Impoundment Soils Copper RF-ON-4H 28.0 

On-Impoundment Soils Lead RF-ON-4H 29 0 

On-Impoundment Soils Mercury RF-ON-4H 0.1 

On-Impoundment Soils Selenium RF-ON-4H 2.5 

On-Impoundment Soils Silver RF-ON-4H 2.5 

On-Impoundment Soils Zinc RF-ON-4H 115.0 

On-Impoundment Soils Arsenic RF-ON-4I 17.0 

On-Impoundment Soils Lead RF-ON-41 344.0 

On-Impoundment Soils Arsenic RF-ON-5A 13.0 

On-Impoundment Soils Lead RF-ON-5A 42.0 

On-Impoundment Soils .-\luminum RF-ON-5B 18.400 0 

On-Impoundment Soils Antimony RF-ON-5B 2.5 

On-Impoundment Soils Arsenic RF-ON-5B 4.3 

On-Impoundment Soils Barium RF-ON-5B 198.0 

On-Impoundment Soils Cadmium RF-ON-5B 1) . .:: 

Plont Risk_ Soil Distrib rev.xis: HQ CJ!cs 

Plnnt Benchmark 
(mg/kg dw) 

Low ffigh 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

500 NA 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

10 100 

50 1000 

50 NA 

5 NA 

10 100 

500 NA 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 I 500 

50 NA 

5 NA 

10 100 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

10 100 

50 1000 

10 100 

50 !000 

50 NA 

5 NA 

10 100 

500 NA 

4 100 

DRAFT 

SoiiHQ 

Low ffigh 

2E+Ol NC 
3E-OI NC 

2E+OO lE-O! 

IE-02 NC 
3E+OO NC 
IE-'-00 NC 

4E+OO 4E-Ol 
4E+02 NC 
5E-OI NC 
7E-OI 7£-02 

7E-OI NC 
6E-02 3E-03 

2E+Ol NC 
3E-OI NC 
4E-Ol 2£-02 

IE-03 NC 
3E+OO NC 
IE+OO NC 

2E+OO 2E-OI 

7E-OI 7£-02 

4E-OI 2£-02 

4E+02 NC 
5E-Ol NC 
7E-Ol 7£-02 

4E-Ol NC 
2£-01 8E-03 

2E+Ol NC 
2E-Ol NC 
6E-OI 3£-02 

3E-03 NC 
3E+OO NC 
IE+OO NC 

4E+OO 4E-OI 

5E+02 NC 
5£-01 NC 
7£-01 7£-02 

6E-02 3£-03 

2E+Ol NC 
4E-OI NC 
5E-OI 2£-02 

IE-03 NC 
3E+OO NC 
IE+OO NC 

2E+OO 2E-OI 

5E+02 NC 
5E-OI NC 
7E-OI 7£-02 

6E-02 3E-03 

2E+Ol NC 
3E-OI NC 
6E-OI 3£-02 

IE-03 NC 
JE+OO NC 
IE+OO NC 

2E+OO 2£-01 

2E+OO 2E-Ol 

7E+OO 3£-01 

IE-i-00 IE-01 

8£-01 4£-02 

.JE+02 NC 
5E-OI NC 
4£-01 4E-02 

4E-OI NC 
6E-02 3£-03 
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APPENDIX F 
Plant Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmelll 

* Averaoe concemraticm across all depths· duplicate:split samples averaaed with field samples ~ ~ 

Reach Parameter Station ID 
Cone 

(m2/kg)* 

On-Impoundment Soils Chromium RF-ON-5B 20.5 
On-Impoundment Soils Copper RF-ON-5B 23.0 
On-Impoundment Soils Lead RF-ON-5B 21.5 
On-Impoundment Soils MercUJy RF-ON-5B 0.1 
On-Impoundment Soils Selenium R.F-ON-5B 2.5 
On-Impoundment Soils Silver RF-ON-5B 2.5 
On-Impoundment Soils Zinc RF-ON-5B 66.0 
On-Impoundment Soils Arsenic RF-ON-5C I5.0 
On-Impoundment Soils Lead RF-ON-5C 159.0 
On-Impoundment Soils Aluminum RF-ON-50 26.100.0 
On-Impoundment Soils Antimony RF-ON-50 2.5 
On-Impoundment Soils Arsenic R.F-ON-50 5.0 
On-Impoundment Soils Barium RF-ON-50 175.0 
On-Impoundment Soils Cadmium RF-ON-50 0.3 
On-Impoundment Soils Chromium RF-ON-50 36.0 
On-Impoundment Soils Copper RF-ON-50 26.0 
On-Impoundment Soils Lead RF-ON-50 23.0 
On-Impoundment Soils MercUJy RF-ON-50 0.1 
On-Impoundment Soils Selenium RF-ON-50 2.5 
On-Impoundment Soils Silver RF-ON-50 2.5 
On-Impoundment Soils Zinc RF-ON-50 875 
On-Impoundment Soils Arsenic RF-ON-5E 2.5 
On-Impoundment Soils Lead RF-ON-5E 15.0 
On-Impoundment Soils ~Arsenic RF-ON-5F 12.0 
On-Impoundment Soils Lead RF-ON-5F 25.0 
On-Impoundment Soils Arsenic RF-ON-5G 20.0 
On-Impoundment Soils Lead RF-ON-5G 333.0 

On-Impoundment Soils Arsenic RF-ON-5H 9.2 
On-Impoundment Soils Lead RF-ON-5H 52.0 
On-Impoundment Soils Arsenic RF-ON-60 17.0 
On-Impoundment Soils Lead RF-ON-60 135.0 

Site Tailings Aluminum RF-TA-TPl 2,260.0 
Site Tailings A.ntimouy RF-TA-TPI 50.7 
Site Tailings Arsenic RF-TA-TP! 219.0 
Site Tailings Cadmium RF-TA-TPl 27.3 
Site Tailings Chmmium RF-TA-TPI 8.6 

Site Tailings Copper R.F-TA-TPI 522.2 
Site Tailings Lead RF-TA-TPI 4,328.3 

Site Tailings Mercury RF-TA-TPl 0.5 

Site Tailings Selenium RF-TA-TP1 4.7 

Site Tailings Silver RF-TA-TP1 18.5 

Site Tailings Zinc RF-TA-TP1 5,136.7 

Site Tailings Aluminum RF-TA-TP2 3,986.7 

Site Tailings A1;1timony RF-TA-TP2 174.9 

Site Tailings Arsenic RF-TA-TP2 308.9 

Site Tailings Cadmium RF-TA-TP2 42.6 

Site Tailings Chromium RF-TA-TP2 30.3 

Site Tailings Copper RF-TA-TP2 475.1 

Site Tailings Lead RF-TA-TP2 5,508.3 

Site Tailings Mercury RF-TA-TP2 4.0 

Site Tailings Selenium RF-TA-TP2 10.7 

Site Tailings Silver RF-TA-TP2 40.8 

Site Tailings Zinc RF-TA-TP2 7.190.8 

Site Tailings .L\Iuminum RF-TA-TP3 1.987.2 

Site Tailings A.ntimony RF-TA-TP3 !07.7 

Site Tailings Arsenic RF-TA-TP3 224.3 

Site Tailings Cadmium RF-TA-TP3 33.8 

Site Tailings Chromium RF-TA-TP3 18.2 

Site Tailings Copper RF-TA-TP3 253.5 

Site Tailings Lead RF-TA-TP3 3,796. 7 

Site Tailings Mercury RF-TA-TP3 16 0 

Site Tailings Selenium RF-TA-TP3 11..3 
Site Tailings Silver RF-TA-TP3 23 8 

Site Tailings Zinc RF-TA-TP3 5,865.0 

Plant Risk_ Soil Distrib rev.xls: HQ C"ks 

Plant Benchmark 
(mg/kg dw) 

Low High 

I NA 
100 NA 
50 1000 
35 NA 
I NA 
2 NA 

50 500 
10 100 
50 1000 
50 NA 
5 NA 
10 100 

500 NA 
4 100 
1 NA 

100 NA. 
50 1000 

35 NA 

I NA 

2 NA 
50 500 
10 100 
50 1000 
10 100 

50 1000 
10 100 
50 !000 
10 100 

50 1000 

10 100 

50 1000 
50 NA 
5 NA 
10 100 
4 100 
1 NA 

100 NA 
50 !000 

35 NA 

1 NA 

2 NA 
50 500 
50 NA 
5 NA 
10 100 
4 100 

I NA 
100 NA 
50 1000 

35 NA 

I NA 

2 NA 
50 500 

50 NA 
5 NA 
10 100 
4 100 
1 NA 

100 NA 
50 1000 

35 NA 

I NA 

2 NA 

50 500 

DRAFT 

SoilHQ 

Low High 

2£+01 NC 
2E-Ol NC 
4E-Ol 2E-02 

!E-03 NC 
3£+00 NC 
IE+OO NC 
IE+fJO lE-O! 

2£+00 2E-Ol 

3£+00 2E-Ol 

5£+02 NC 
5E-Ol NC 
5E-Ol 5E-02 
4E-01 NC 
6E-02 3E-03 

4£+01 NC 
3E-01 NC 
5E-Ol 2E-02 

1E-03 NC 
3£+00 NC 
IE+OO NC 
2£+00 2E-01 
3E-Ol 3E-02 
3E-Ol 2E-02 
IE+fJO IE-01 
5E-Ol 3E-02 

2£+00 2E-Ol 
7£+00 3E-Ol 
9E-Ol 9E-02 

lE+OO 5E-02 
2£+00 2E-Ol 
3£+00 lE-O! 
5£+01 NC 
1£+01 NC 
2£+01 2£+00 
7£+00 3E-Ol 
9£+00 NC 
5£+00 NC 
9£+01 .JE+OO 
IE-02 NC 

5£+00 NC 
9£+00 NC 
1£+02 JE+OJ 
8£+01 NC 
3£+01 NC 
3£+01 3£+00 
1£+01 4E-Ol 
3£+01 NC 
5£+00 NC 
J£+02 6£+00 
IE-01 NC 

1£+01 NC 
2£+01 NC 
1£+02 1£+01 

4£+01 NC 
2£+01 NC 
2£+01 2£+00 

8£+00 3E-Ol 

2£+01 NC 
3£+00 NC 
8£+01 .JE+OO 
5E-Ol NC 

1£+01 NC 
1£+01 ,VC 

1£+02 JE+Ol 



APPENDIX F 
Plant Haza1·d Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screenuzg Ecological Risk Assessment 

* Averaoe concentre1tion ;)Cross all depths· duplicate'split samples averaoed with field samples 'o " 

Reach Parameter Station ID 
Cone 

(m!!ik!!)* 

Site Tailings Aluminum RF-TSDD-G L50 13.377.8 
Site Tailings Antimony RF- TSDD-GL50 125.5 

Site Tailings Arsenic RF-TSDD-GL50 197.4 

Site Tailings Cadmium RF-TSDD-GL50 28.8 

Site Tailings Chromium RF-TSDD-GL50 22.5 

Site Tailings Copper RF-TSDD-GL50 311.3 

Site Tailings Lead RF-TSDD-GL50 4.059.8 

Site Tailings Mercury RF-TSDD-GL50 2.8 

Site Tailings Selenium RF-TSDD-GL50 4.1 

Site Tailings Silver RF-TSDD-GL50 26.0 

Site Tailings Zinc RF-TSDD-GL50 5,728.8 

Site Tailings Aluminum RF-TSDD-GL52 14,027.0 

Site Tailings 1\ntimony RF-TSDD-GL52 253.8 

Site Tailings Arsenic RF-TSDD-GL52 321.8 

Site Tailings Cadmium RF-TSDD-GL52 51.1 

Site Tailings Chromium RF-TSDD-GL52 27.5 

Site Tailings Copper RF-TSDD-GL52 620.0 

Site Tailings Lead RF-TSDD-GL52 10.699 5 

Site Tailings Mercu1y RF-TSDD-GL52 5.5 

Site Tailings Selenium RF-TSDD-GL52 11.3 

Site Tailings Silver RF-TSDD-GL52 39.8 

Site Tailings Zinc RF-TSDD-GL52 7,818.5 

Site Tailings Aluminum RF-TSDD-GL53 16,151.5 

Site Tailings Antimony RF-TSDD-GL53 212.8 

Site Tailings Al>enic RF-TSDD-GL53 319.7 

Site Tailings Cadmium RF-TSDD-GL53 56.9 

Site Tailings Chromium RF-TSDD-GL53 29.5 

Site Tailings Copper RF-TSDD-GL53 678.5 

Site Tailings Lead RF-TSDD-GL53 10,533.5 

Site Tailings Mercury RF-TSDD-GL53 10.6 

Site Tailings Selenium RF-TSDD-GL53 13.3 

Site Tailings Silver RF-TSDD-GL53 61.3 

Site Tailings Zinc RF-TSDD-GL53 9,420.0 

Site Tailings Aluminum RF-TSDD-GL56 11.442.5 

Site Tailings A . .ntimony RF-TSDD-GL56 89.2 

Site Tailings ~1\.rsenic RF-TSDD-GL56 136.3 

Site Tailings Cadmium RF-TSDD-GL56 ?'' ~-'·-' 

Site Tailings Chromium RF-TSDD-GL56 21.5 

Site Tailings Copper RF-TSDD-GL56 247.5 

Site Tailings Lead RF-TSDD-GL56 2.897.5 

Site Tailings Mercmy RF-TSDD-GL56 1.8 

Site Tailings Selenium RF-TSDD-GL56 2.5 

Site Tailings Silver RF-TSDD-GL56 20.3 

Site Tailings Zinc RF-TSDD-GL56 4.518.5 

Site Tailings Aluminum RF-TSDD-GL58 14.787.5 

Site Tailings A.lttimony RF-TSDD-GL58 58.3 

Site Tailings Arsenic RF-TSDD-GL58 144.0 

Site Tailings Cadmium RF-TSDD-GL58 22.7 

Site Tailings Chromium RF-TSDD-GL58 21.0 

Site Tailings Copper RF-TSDD-GL58 168.5 

Site Tailings Lead RF-TSDD-GL58 2,622.0 

Site Tailings Mercury RF-TSDD-GL58 2.6 

Site Tailings Selenium RF-TSDD-GL58 11.3 

Site Tailings Silver RF-TSDD-GL58 15.3 

Site Tailings Zinc RF-TSDD-GL58 3,378.0 

Site Tailings Aluminum RF-TSDD-GL59 13.622.0 

Site Tailings ."...ntimony RF-TSDD-GL59 168.3 

Site Tailings Arsenic RF-TSDD-GL59 219.0 

Site Tailings Cadmium RF-TSDD-GL59 24.0 

Site Tailings Chromium RF-TSDD-GL59 24.0 

Site Tailings Copper RF-TSDD-GL59 418.5 

Site Tailings Lead RF-TSDD-GL59 3.834.5 

Site Tailings Mercuty RF-TSDD-GL59 13.6 

Site Tailings Selenium RF-TSDD-GL59 6.1 

Plant Risk_ Soil Disrno rev.xls: HQ C>lcs 

Plant Benchmark 
(mg/kg dw) 

Low High 

50 NA 

5 NA 

10 100 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

1 NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

1 NA 

100 NA 

50 1000 

35 NA 

1 NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

1 NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

1 NA 

100 NA 

50 1000 

35 NA 

1 NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

1 NA 

100 NA 

50 1000 

35 NA 

I NA 

2 NA 

50 500 

50 NA 

5 NA 

10 100 

4 100 

I NA 

100 NA 

50 1000 

35 NA 

I NA 

DRAFT 

Soi!HQ 

Low High 

3£+02 NC 
3£+01 NC 
2£+01 2£+00 
7E+OO 3£-01 

2E+OJ NC 
3£+00 NC 
8£+01 4£+00 
8£-02 NC 

4£+00 NC 
1E+OJ NC 
1£+02 1£+01 
3£+02 NC 
5£+01 NC 
3£+01 3£+00 
1£+01 5£-01 

3£+01 NC 
6E+OO NC 
2£+02 1£+01 

2E-Ol NC 
1£+01 NC 
2E+OJ NC 
2£+02 2£+01 
3£+02 NC 
4£+01 NC 
3£+01 3£+00 
J£+01 6£-01 

3£+01 NC 
7£+00 NC 
2£+02 1£+01 
3E-01 NC 
1£+01 NC 
3£+01 NC 
2£+02 2£+01 
2£+02 NC 
2£+01 NC 
1£+01 IE+OO 

6£+00 2£-01 

2£+01 NC 
2£+00 NC 
6£+01 3£+00 
5£-02 NC 

3£+00 NC 
1£+01 NC 
9£+01 9£+00 

3£+02 NC 
1£+01 NC 
1£+01 IE+OO 

6£+00 2£-01 

2£+01 NC 
2E+OO NC 
5£+01 3£+00 

7£-02 NC 
J£+01 NC 
8£+00 NC 
7£+01 7£+00 

3£+02 NC 
3£+01 NC 
2£+01 2E+OO 

6£+00 2E-OI 

2£+01 NC 
4£+00 NC 
8£+01 4£+00 

4£01 NC 
6£+00 NC 
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APPENDIX F 

Plant Hazard Quotients (HQs) fm· Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

* Aver~ge concentr::ltion across Jll Jepths· duplicate/split samples averaged with field samples -

Reach Parameter Station ID 
Cone 

(m2/kg)* 

Site Tailings Silver RF-TSDD-GL59 22.8 
Site Tailings Zinc RF-TSDD-GL59 5.462.0 
Site Tailings Aluminum RF-TSDD-GL62 17,379.5 
Site Tailings Antimony RF-TSDD-GL62 45.3 
Site Tailings Arsenic RF-TSDD-GL62 99.6 
Site Tailings Cadmium RF-TSDD-GL62 20.1 
Site Tailings Chromium RF-TSDD-GL62 22.5 
Site Tailings Copper RF-TSDD-GL62 126.5 
Site Tailings Lead RF-TSDD-GL62 1.572.0 
Site Tailings Men:ury RF-TSDD-GL62 0.7 
Site Tailings Selenium RF-TSDD-GL62 5.9 

Site Tailings Silver RF-TSDD-GL62 11.3 
Site Tailings Zinc RF-TSDD-GL62 2.981.0 

Plont Risk_ Soil Disrnb rev.\ls: HQ Coles 

Plant Benchmark 
(mgfkg dw) 

Low High 

2 NA 
50 500 
50 NA 
5 NA 
10 100 
4 100 
I NA 

100 NA 
50 1000 
35 NA 
I NA 
2 NA 
50 500 

DRAFT 

Soil HQ 

Low High 

JE+Ol NC 
JE+02 JE+Ol 
3E+02 NC 
9E+OO NC 
JE+OJ IE+OO 
5E+OO 2E-Oi 
2E+Ol NC 
IE+OO NC 

3E+Ol 2E+OO 
2E-02 NC 

6E+OO NC 
6E+OO NC 
6E+Ol 6E+OO 
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APPENDIX G 

CALCULATION OF HAZARDS FOR SOIL FAUNA FROM 
DIRECT CONTACT WITH SOILS/TAILINGS 



APPENDIX G 
Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

-1< Ave.raoe concentrJ.tion across all depths· duplicate/split samples aver:1aed with field samples ~ ~ 

Soil Invertebrate 
Benchmark (mg/kg dw) 

Reach Station ID Parameter Cone* (mglkg) Low High 
Background Soils RF-BG-BGI Arsenk 11.0 20 100 

Background Soils RF-BG-BGI Lead 47.0 140 900 

Background Soils RF-BG-BGIO Arsenic 7.0 20 100 

Background Soils RF-BG-BGIO Barium 220.0 3000 NA 

Background Soils RF-BG-BGIO Cadmium 0.3 1.6 20 

Background Soils RF-BG-BGIO Chromium 22.5 0.4 100 

Background Soils RF-BG-BGIO Copper 15.5 40 !50 

Background Soils RF-BG-BG10 Lead 30.5 140 900 

Background Soils RF-BG-BG10 Mercury 0.1 0.1 30 

Background Soils RF-BG-BG10 Selenium 2.5 2 100 

Background Soils RF-BG-BGIO Silver 2.5 50 NA 

Background Soils RF-BG-BG10 Zinc 93.0 100 600 

Background Soils RF-BG-BG2 Arsenic 8.1 20 100 

Background Soils RF-BG-BG2 Lead 26.0 140 900 

Background Soils RF-BG-BG3 Arsenic 8.6 20 100 

Background Soils RF-BG-BG3 Lead 22.0 140 900 

Background Soils RF-BG-BG4 Arsenic 9.2 20 100 

Background Soils RF-BG-BG4 Lead 25.0 140 900 

Background Soils RF-BG-BG5 Arsenic 11.0 20 100 

Background Soils RF-BG-BG5 Lead 43.0 140 900 

Background Soils RF-BG-BG6 Arsenic 7.0 20 100 

Background Soils RF-BG-BG6 Lead 30.0 140 900 

Background Soils RF-BG-BG7 Arsenic 6.9 20 100 

Background Soils RF-BG-BG7 Lead 25.0 140 900 

Background Soils RF-BG-BG8 Arsenic 14.0 20 100 

Background Soils RF-BG-BG8 Bmium 265.0 3000 NA 

Background Soils RF-BG-BG8 Cadmium 1.0 1.6 20 

Background Soils RF-BG-BG8 Chromium 20.0 0.4 100 

Background Soils RF-BG-BGS Copper 29.0 40 150 

Background Soils RF-BG-BG8 Lead 84.0 140 900 

Background Soils RF-BG-BG8 Mercury 0.2 0.1 30 

Background Soils RF-BG-BG8 Selenium 2.5 2 100 

Background Soils RF-BG-BGS Silver 2.5 50 NA 

Background Soils RF-BG-BG8 Zinc 127.0 100 600 

Background Soils RF-BG-BG9 Arsenic 6.7 20 100 

Background Soils RF-BG-BG9 Lead 98.0 140 900 

OtT-Impoundment Soils RF-OF-TlA Arsenic 26.0 20 100 

Off-Impoundment Soils RF-OF-TlA Lead 470.5 140 900 

Off-Impoundment Soils RF-OF-TIB Arsenic 11.0 20 100 

Off-Impoundment Soils RF-OF-TlB Lead 101.0 140 900 

Off-Impoundment Soils RF-OF-TIC Arsenic 8.5 20 100 

Off-Impoundment Soils RF-OF-TIC Barium 193.5 3000 NA 

Off-Impoundment Soils RF-OF-TlC Cadmium 1.0 1.6 20 

Off-Impoundment Soils RF-OF-TlC Chromium 21.5 0.4 100 

Off-Impoundment Soils RF-OF-TlC Copper 24.0 40 !50 

Off-Impoundment Soils RF-OF-TlC Lead 77.0 140 900 

Off-Impoundment Soils RF-OF-TlC Mercury 0.1 0.1 30 

Off-Impoundment Soils RF-OF-TlC Selenium 2.5 2 100 

Off-Impoundment Soils RF-OF-TlC Silver 2.5 50 NA 

Off-Impoundment Soils RF-OF-TlC Zinc 145.0 100 600 

Off-Impoundment Soils RF-OF-TlD Arse1ric 8.5 20 100 

Off-Impoundment Soils RF-OF-TlD Lead 76.0 140 900 

Off-Impoundment Soils RF-OF-TlE Arsenic 9.1 20 100 

Off-Impoundment Soils RF-OF-TlE Lead 53.3 140 900 

Off-Impoundment Soils RF-OF-TlF Arsenic 10.5 20 100 

Off-Impoundment Soils RF-OF-T1F Lead 64.5 140 900 

Off-Impoundment Soils RF-OF-TlG Arsetric 9.2 20 100 

Off-Impoundment Soils RF-OF-TJG Lead 46.5 140 900 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmellt 

* Aver.:~oe conccntra.tlon across all depths· duplicatelsplit samples averaoed with field samples 0 0 

Soil Invertebrate 
Benchmark (mg!kg dw) 

Reach Station ID Parameter Cone* (mg!kg) Low High 

Off-Impoundment Soils RF-OF-TIH Arsenic 10.0 20 100 
Off-Impoundment Soils RF-OF-TIH Lead 32.5 140 900 

Off-Impoundment Soils RF-OF-T2A Arsenic 37.0 20 100 

Off-Impoundment Soils RF-OF-T2A Lead 471.0 140 900 
Off-Impoundment Soils RF-OF-T2B Arsenic 13.0 20 100 
Off-Impoundment Soils RF-OF-T2B Lead 120.5 140 900 
Off-Impoundment Soils RF-OF-T2C Arsenic 129.0 20 100 
Off-Impoundment Soils RF-OF-T2C Lead 3,308.0 140 900 
Off-Impoundment Soils RF-OF-T2D Arsenic 279.5 20 100 
Off-Impoundment Soils RF-OF-T2D Lead 6,070.0 140 900 
Off-Impoundment Soils RF-OF-T2E Arsenic 245.5 20 100 
Off-Impoundment Soils RF-OF-T2E Lead 5,179.5 140 900 
Off-Impoundment Soils RF-OF-T2F Arsenic 11.3 20 100 
Off-Impoundment Soils RF-OF-T2F Barium 233.S 3000 NA 
Off-Impoundment Soils RF-OF-T2F Cadmium 0.9 1.6 20 
Off-Impoundment Soils RF-OF-T2F Chromium 21.5 0.4 100 
Off-Impoundment Soils RF-OF-T2F Copper 30.3 40 150 
Off-Impoundment Soils RF-OF-T2F Lead 112.5 140 900 

Off-Impoundment Soils RF-OF-T2F Mercury 0.1 0.1 30 
Off-Impoundment Soils RF-OF-T2F Selenium 2.5 2 100 
Off-Impoundment Soils RF-OF-T2F Silver 2.5 50 NA 
Off-Impoundment Soils RF-OF-T2F Zinc 178.3 100 600 

Off-Impoundment Soils RF-OF-T2G Arsenic 7.6 20 100 
Off-Impoundment Soils RF-OF-T2G Lead 19.5 140 900 
Off-Impoundment Soils RF-OF-T2H Arsenic 8.0 20 100 
Off-Impoundment Soils RF-OF-T2H Barium 303.0 3000 NA 
Off-Impoundment Soils RF-OF-T2H Cadmium 0.6 1.6 20 
Off-Impoundment Soils RF-OF-T2H Chromium 30.5 0.4 100 

Off-Impoundment Soils RF-OF-T2H Copper 24.0 40 150 

Off-Impoundment Soils RF-OF-T2H Lead 48.0 140 900 
Off-Impoundment Soils RF-OF-T2H Mercury 0.1 0.1 30 

Off-Impoundment Soils RF-OF-T2H Selenium 2.5 2 100 
Off-Impoundment Soils RF-OF-T2H Silver 2.5 50 NA 
Off-Impoundment Soils RF-OF-T2H Zinc 93.0 100 600 
Off-Impoundment Soils RF-OF-T21 Arsenic 7.4 20 100 
Off-Impoundment Soils RF-OF-T2I Lead 46.5 140 900 

Off-Impoundment Soils RF-OF-T2J Arsenic 8.5 20 100 

Off-Impoundment Soils RF-OF-T2J Lead 39.5 140 900 

Off-Impoundment Soils RF-OF-T3A Arsenic 9.3 20 100 
Off-Impoundment Soils RF-OF-T3A Lead 55.0 140 900 
Off-Impoundment Soils RF-Of- T3B Arsenic 37.0 20 100 

Off-Impoundment Soils RF-OF-T3B Barium 225.5 3000 NA 

Off-Impoundment Soils RF-OF-T3B Cadmium 29.5 1.6 20 

Off-Impoundment Soils RF-OF-T3B Chromium 20.5 0.4 100 

Off-Impoundment Soils RF-OF-T3B Copper 89.5 40 150 

Off-Impoundment Soils RF-OF-T3B Lead 812.5 140 900 

Off-Impoundment Soils RF-OF-TIB Mercury 3.1 0.1 30 

Off-Impoundment Soils RF-OF-T3B Sele1tium 2.5 2 100 

Off-Impoundment Soils RF-OF-T3B Silver 2.5 50 NA 

OtT-Impoundment Soils RF-OF-T3B Zinc 1,366.5 100 600 

Off-Impoundment Soils RF-OF-T3C Arsenic 8.6 20 100 

Off-Impoundment Soils RF-Of-T3C Lead 53.5 140 900 

Off-Impoundment Soils RF-OF-T3D Arsenic 7.5 20 100 
Off-Impoundment Soils RF-OF-T3D Barium -103.0 3000 NA 
Off-Impoundment Soils RF-OF-T3D Cadmium 1.0 1.6 20 

Off-Impoundment Soils RF-OF-T3D Chromium 21.3 0.4 100 

Off-Impoundment Soils RF-OF-T3D Cup per 33.3 40 !50 

Off-Impoundment Soils RF-OF-T3D Lead 53.5 140 900 

Off-Impoundment Soils RF-OF-T3D ivlercury 0.1 0.1 30 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardso11 Flat Tailings Site 
Screening Ecological Risk Assessment 

* Averane concentration across all depths· duplicate/split samples averaO'ed with field samples 0 0 

Soil Invertebrate 
Benchmark (mglkg dw) 

Reach Station ID Parameter Con~* (mglkg) Low High 

Off-Impoundment Soils RF-OF-T3D Selenium 2.5 2 100 

Off-Impoundment Soils RF-OF-T3D Silver 2.5 50 NA 

Off-Impoundment Soils RF-OF-T3D Zinc 138.3 !00 600 

Off-Impoundment Soils RF-OF-T3E Arsenic 6.7 20 !00 

Off-Impoundment Soils RF-OF-T3E Lead 17.5 140 900 

Off-Impoundment Soils RF-OF-T3F Arsenic 7.5 20 100 

Off-Impoundment Soils RF-OF-T3F Lead 19.0 140 900 

Off-Impoundment Soils RF-OF-T30 Arsenic 6.5 20 100 

Off-Impoundment Soils RF-OF-T30 Lead 27.5 140 900 

Off-Impoundment Soils RF-OF-T3H Arsenic 7.0 20 !00 

Off-Impoundment Soils RF-OF-T3H Lead 27.0 140 900 

Off-Impoundment Soils RF-OF-T3I Arsenic 9.2 20 100 

Off-Impoundment Soils RF-OF-T3I Lead 25.0 140 900 

Off-Impoundment Soils RF-OF-T3J Arsenic 9.2 20 100 

Off-Impoundment Soils RF-OF-T3J Lead 47.0 140 900 

Off-Impoundment Soils SAB-1 Arsenic 12.0 20 100 

Off-Impoundment Soils SAB-1 Lead 98.0 140 900 

Off-Impoundment Soils SAB-2 Arsenic 14.0 20 100 

Off-Impoundment Soils SAB-2 Lead 135.0 140 900 

Off-Impoundment Soils SAB-3 Arsenic 11.0 20 100 

Off-Impoundment Soils SAB-3 Lead 75.0 140 900 

Off-Impoundment Soils SAB-4 Arsenic 12.0 20 !00 

Off-Impoundment Soils SAB-4 Lead 144.0 140 900 

Off-Impoundment Soils SAB-5 Arsenic 12.0 20 100 

OtT-Impoundment Soils SAB-5 Lead 53.0 140 900 

Off-Impoundment Soils SAB-7 Arsenic 30.0 20 !00 

Off-Impoundment Soils SAB-7 Lead 165.0 140 900 

Off-Impoundment Soils SAB-8 Arsenic 23.0 20 100 

Off-Impoundment Soils SAB-8 Lead 63.0 140 900 

On-Impoundment Soils RF-ON-IA Arsenic 15.0 20 100 

On-Impoundment Soils RF-ON-IA Lead 37.0 140 900 

On-Impoundment Soils RF-ON-JB Arsenic 9.1 20 100 

On-Impoundment Soils RF-ON-IB Lead 44.0 140 900 

On-Impoundment Soils RF-ON-IC Arsenic 12.0 20 !00 

On-Impoundment Soils RF-ON-IC Lead 163.0 140 900 

On-Impoundment Soils RF-ON-ID Arsenic 10.0 20 100 

On-Impoundment Soils RF-ON-ID Lead 96.0 140 900 

On-Impoundment Soils RF-ON-IE Arsenic 20.0 20 100 

On-Impoundment Soils RF-ON-1E Lead 336.0 140 900 

On-Impoundment Soils RF-ON-10 Arsenic 121.0 20 !00 

On-Impoundment Soils RF-ON-10 Lead 3.239.0 140 900 

On-Impoundment Soils RF-ON-2A Arsenic 13.0 20 100 

On-Impoundment Soils RF-ON-2A Lead 49.0 140 900 

On-Impoundment Soils RF-ON-2B Arsenic 78.0 20 100 

On-Impoundment Soils RF-ON-2B Lead 1.155.0 140 900 

On-Impoundment Soils RF-ON-2C Arsenic 7.S 20 100 

On-Impoundment Soils RF-ON-2C Lead 19.0 140 900 

On-Impoundment Soils RF-ON-2D Arsenic 6.8 20 100 

On-Impoundment Soils RF-ON-2D Lead 19.5 140 900 

On-Impoundment Soils RF-ON-2E Arsenic 44.0 20 100 

On-Impoundment Soils RF-ON-2E Lead 904.5 140 900 

On-Impoundment Soils RF-ON-2F Arsenic 82.0 20 100 

On-Impoundment Soils RF-ON-2F Lead 2,646.0 140 900 

On-Impoundment Soils RF-ON-20 Arsenic 12.0 20 100 

On-Impoundment Soils RF-ON-20 Lead 59.0 140 900 

On-Impoundment Soils RF-ON-2H Aluminum 22.600.0 600 NA 

On-Impoundment Soils RF-ON-2H A.ntimony 2.5 NA NA 

On-.Impoundment Soils RF-ON-2H Arsenic 3.7 20 100 

On-Impoundment Soils RF-ON-2H Barium 206.0 3000 NA 

Sod Invert Risk_Sm1 Distrib .. ,]s: HQ Coles Page3of8 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

.J: Avernoe concentration across all depths· duplicate/split samples averaoed with field samples ~ 0 

Soil Invertebrate 
Benchmark (mglkg dw) 

Reach Station ID Paramete1· Cone* (mg/kg) Low High 

On-Impoundment Soils RF-ON-2H Cadmium 0.5 1.6 20 

On-Impoundment Soils RF-ON-2H Chromium ~~' 
____ ..., 

0.4 !00 
On-Impoundment Soils RF-ON-2H Copper 15.0 40 !50 
On-Impoundment Soils RF-ON-2H Lead 25.3 140 900 

On-Impoundment Soils RF-ON-2H Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-2H Selenium 2.5 2 !00 

On-Impoundment Soils RF-ON-2H Silver 2.5 50 NA 
On-Impoundment Soils RF-ON-2H Zinc 91.3 100 600 

On-Impoundment Soils RF-ON-3A Arsenic 49.0 20 !00 

On-Impoundment Soils RF-ON-3A Barium 210.0 3000 NA 

On-Impoundment Soils RF-ON-3A Cadmium 6.0 1.6 20 

On-Impoundment Soils RF-ON-3A Chromium 24.0 0.4 100 

On-Impoundment Soils RF-ON-3A Copper 99.0 40 !50 
On-Impoundment Soils RF-ON-3A Lead 875.0 140 900 

On-Impoundment Soils RF-ON-3A Mercuty 0.7 0.1 30 

On-Impoundment Soils RF-ON-3A Selenium 2.5 2 100 
On-Impoundment Soils RF-ON-3A Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-3A Zinc 1.010.0 100 600 

On-Impoundment Soils RF-ON-3B Aluminum 22,400.0 600 NA 

On-Impoundment Soils RF-ON-3B Antimony 2.5 NA NA 
On-Impoundment Soils RF-ON-3B Arserric 36.0 20 !00 

On-Impoundment Soils RF-ON-3B Cadmium 1.0 1.6 20 

On-Impoundment Soils RF-ON-3B Chromium 20.0 0.4 !00 
On-Impoundment Soils RF-ON-3B Copper 53.0 40 !50 

On-Impoundment Soils RF-ON-38 Lead 528.5 1-W 900 

On-Impoundment Soils RF-ON-3B Mercury 0.2 0.1 30 

On-Impoundment Soils RF-ON-3B Selerrium 2.5 2 100 
On-Impoundment Soils RF-ON-3B Silver 2.5 50 NA 
On-Impoundment Soils RF-ON-3B Zinc 242.0 100 600 

On-Impoundment Soils RF-ON-3C Al:senic 6.2 20 100 

On-Impoundment Soils RF-ON-3C Lead 15.0 140 900 
On-Impoundment Soils RF-ON-30 Aluminum 17,600.0 600 NA 
On-Impoundment Soils RF-ON-30 Antimony 10.0 NA NA 

On-Impoundment Soils RF-ON-30 Arsenic 46.0 20 !00 

On-Impoundment Soils RF-ON-3D Barium 255.0 3000 NA 
On-Impoundment Soils RF-ON-3D Cadmium 3.5 1.6 20 

On-Impoundment Soils RF-ON-30 Chromium 24.5 0.4 !00 

On-Impoundment Soils RF-ON-3D Copper 84.5 40 !50 
On-Impoundment Soils RF-ON-3D Lead 574.5 140 900 

On-Impoundment Soils RF-ON-30 Mercury 1.0 0.1 30 

On-Impoundment Soils RF-ON-30 Selenium 2.5 2 I !00 

On-Impoundment Soils RF-ON-30 Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-30 Zinc 748.0 100 600 

On-Impoundment Soils RF-ON-3E Aluminum 21.300.0 600 NA 

On-Impoundment Soils RF-ON-3E Antimony 2.5 NA NA 

On-Impoundment Soils RF-ON-3E Arsenic 4.0 20 !00 

On-Impoundment Soils RF-ON-3E Barium 360.5 3000 NA 

On-Impoundment Soils RF-ON-3E Cadmium 0.3 1.6 20 

On-Impoundment Soils RF-ON-3E Chromium 21.7 0.4 100 

On-Impoundment Soils RF-ON-3E Copper 21.3 -tO !50 

On-Impoundment Soils RF-ON-3E Lead 21.0 140 900 

On-Impoundment Soils RF-ON-3E Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-3E Selenium 2.5 2 !00 

On-Impoundment Soils RF-ON-3E Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-3E Zinc 62.0 100 600 

On-Impoundment Soils RF-ON-3F Arsenic 23.0 20 !00 

On-Impoundment Soils RF-ON-3F Lead 23 l.IJ 140 900 

On-Impoundment Soils RF-ON-3G Arsemc 12.0 20 !00 

On-Impoundment Soils RF-ON-3G Lead 23.0 140 900 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmellt 

.;: Averaoe concentration across all depths· duplicate/split samples averao:red with field samples ~ = 

Soil Inve11:e brate 
Benchmark (mglkg dw) 

Reach Station ID Paramete1· Cone* (mglkg) Low High 

On-Impoundment Soils RF-ON-3H Arsenic 7.5 20 !00 

On-Impoundment Soils RF-ON-3H Lead 25.0 140 900 

On-Impoundment Soils RF-ON-31 Arsenic 9.0 20 !00 

On-Impoundment Soils RF-ON-3I Barium 187.0 3000 NA 

On-Impoundment Soils RF-ON-31 Cadmium 1.0 1.6 20 

On-Impoundment Soils RF-ON-31 Chromium 20.0 0.4 100 

On-Impoundment Soils RF-ON-31 Copper 25.0 40 !50 

On-Impoundment Soils RF-ON-31 Lead 127.0 140 900 

On-Impoundment Soils RF-ON-31 Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-31 Selenium 2.5 2 !00 

On-Impoundment Soils RF-ON-3I Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-3I Zinc 209.0 100 600 

On-Impoundment Soils RF-ON-.JA Arsenic 81.0 20 !00 

On-Impoundment Soils RF-ON-4A Lead 1.350.0 140 900 

On-Impoundment Soils RF-ON-4B Arsenic 11.0 20 !00 

On-Impoundment Soils RF-ON-4B Lead 63.0 140 900 

On-Impoundment Soils RF-ON-4C Aluminum 18.900.0 600 NA 

On-Impoundment Soils RF-ON-4C Antimony 2.5 NA NA 

On-Impoundment Soils RF-ON-4C Arsenic 12.5 20 100 

On-Impoundment Soils RF-ON-4C Bmium 240.0 3000 NA 

On-Impoundment Soils RF-ON-4C Cadmium 2.5 1.6 20 

On-Impoundment Soils RF-ON-4C Chromium 22.5 0.4 100 

On-Impoundment Soils RF-ON-4C Copper 32.5 40 !50 

On-Impoundment Soils RF-ON-4C Lead 111.5 140 900 

On-Impoundment Soils RF-ON-4C Mercury 0.5 0.1 30 

On-Impoundment Soils RF-ON-4C Selenium 2.5 2 !00 

On-Impoundment Soils RF-ON-4C Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-4C Zinc 222.5 100 600 

On-Impoundment Soils RF-ON-40 Aluminum 21.600.0 600 NA 

On-Impoundment Soils RF-ON-40 Antimony 2.5 NA NA 

On-Impoundment Soils RF-ON-40 Arsenic 6.5 20 100 

On-Impoundment Soils RF-ON-40 Barium 327.0 3000 NA 

On-Impoundment Soils RF-ON-40 Cadmium 0.3 1.6 20 

On-Impoundment Soils RF-ON-40 Chromium 22.5 0.4 100 

On-Impoundment Soils RF-ON-40 Copper 28.0 40 !50 

On-Impoundment Soils RF-ON-40 Lead 17.5 140 900 

On-Impoundment Soils RF-ON-40 Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-40 Selenium 2.5 2 !00 

On-Impoundment Soils RF-ON-40 Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-40 Zinc SO.O 100 600 

On-Impoundment Soils RF-ON-4E Arsenic 7.0 20 !00 

On-Impoundment Soils RF-ON-4E Lead 20.0 140 900 

On-Impoundment Soils RF-ON-4F Aluminum 21.900.0 600 NA 

On-Impoundment Soils RF-ON-4F .1\ntimony 2.5 NA NA 

On-Impoundment Soils RF-ON-4F Arsenic 6.7 20 !00 

On-Impoundment Soils RF-ON-4F Barium 218.5 3000 NA 

On-Impoundment Soils RF-ON-4F Cadmium 0.8 1.6 20 

On-Impoundment Soils RF-ON-4F Chromium 17.0 0.4 !00 

On-Impoundment Soils RF-ON-4F Copper 24.7 40 !50 

On-Impoundment Soils RF-ON-4F Lead 29.3 140 900 

On-Impoundment Soils RF-ON-4F Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-4F Selenium 2.5 2 100 

On-Impoundment Soils RF-ON-4F Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-4F Zinc 185.3 100 600 

On-Impoundment Soils RF-ON-4G Aluminum 26,100.0 600 NA 

On-Impoundment Soils RF-ON-4G Antimony 2.5 NA NA 

On-Impoundment Soils RF-ON-4G Arsenic 6.7 20 [00 

On-Impoundment Soils RF-ON-4G Cad1nium 0.3 1.6 20 

On-Impoundment Soils RF-ON-4G Chromium 20.0 0.4 !00 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessment 

+ Av..::raoe con..:entr[jtion across all depths· duplicate/split samples averaoed with tle!d samples ~ 0 

Soil Invertebrate 
Benchmark (mglkg dw) 

Reach Station ID Parameter Cone* (mg/kg) Low High 

On-Impoundment Soils RF-ON-40 Copper 38.0 40 !50 

On-Impoundment Soils RF-ON-40 Lead 22.7 140 900 

On-Impoundment Soils RF-ON-40 Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-40 Selenium 2.5 2 100 
On-Impoundment Soils RF-ON-40 Silver 2.5 50 NA 
On-Impoundment Soils RF-ON-40 Zinc 100.0 100 600 
On-Impoundment Soils RF-ON-4H Aluminum 24.700.0 600 NA 
On-Impoundment Soils RF-ON-4H Antimony 2.5 NA NA 

On-Impoundment Soils RF-ON-4H Arsenic 7.0 20 100 

On-Impoundment Soils RF-ON-4H Cadmium 0.3 1.6 20 

On-Impoundment Soils RF-ON-4H Chromium 24.0 0.4 !00 
On-Impoundment Soils RF-ON-4H Copper 28.0 40 !50 
On-Impoundment Soils RF-ON-4H Lead 29.0 140 900 

On-Impoundment Soils RF-ON-4H Mercury 0.1 0.1 30 
On-Impoundment Soils RF-ON-4H Selenium 2.5 2 100 

On-Impoundment Soils RF-ON-4H Silvet· 2.5 50 NA 

On-Impoundment Soils RF-ON-4H Zinc 115.0 !00 600 

On-Impoundment Soils RF-ON-4I Arsenic 17.0 20 100 
On-Impoundment Soils RF-ON-41 Lead 344.0 140 900 
On-Impoundment Soils RF-ON-5A Arsenic 13.0 20 100 

On-Impoundment Soils RF-ON-5A Lead 42.0 140 900 

On-Impoundment Soils RF-ON-5B Aluminum 18,400.0 600 NA 
On-Impoundment Soils RF-ON-5B Antimony 2.5 NA NA 
On-Impoundment Soils RF-ON-5B Arsenic 4.3 20 100 

On-Impoundment Soils RF-ON-5B Batium 198.0 3000 NA 

On-Impoundment Soils RF-ON-5B Cadmium 0.3 1.6 20 

On-Impoundment Soils RF-ON-5B Chromium 20.5 0.4 100 

On-Impoundment Soils RF-ON-5B Copper 23.0 40 !50 

On-Impoundment Soils RF-ON-5B Lead 21.5 140 900 
On-Impoundment Soils RF-ON-5B Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-5B Selenium 2.5 2 100 

On-Impoundment Soils RF-ON-5B Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-5B Zinc 66.0 100 600 

On-Impoundment Soils RF-ON-5C Arsenic 15.0 20 !00 

On-Impoundment Soils RF-ON-5C Lead 159.0 140 900 

On-Impoundment Soils RF-ON-50 Aluminum 26.100.0 600 NA 
On-Impoundment Soils RF-ON-50 Antimony 2.5 NA NA 
On-Impoundment Soils RF-ON-50 Arsenic 5.0 20 100 

On-Impoundment Soils RF-ON-50 Barium 175.0 3000 NA 
On-Impoundment Soils RF-ON-50 Cadmium 0.3 1.6 20 

On-Impoundment Soils RF-ON-50 Chromium 36.0 0.4 100 
On-Impoundment Soils RF-ON-50 Copper 26.0 -10 150 
On-Impoundment Soils RF-ON-50 Lead 23.0 140 900 
On-Impoundment Soils RF-ON-50 Mercury 0.1 0.1 30 

On-Impoundment Soils RF-ON-50 Selenium 2.5 2 100 

On-Impoundment Soils RF-ON-50 Silver 2.5 50 NA 

On-Impoundment Soils RF-ON-50 Zinc 87.5 100 600 
On-Impoundment Soils RF-ON-5E Arsenic 2.5 20 100 

On-Impoundment Soils RF-ON-5E Lead 15.0 140 900 

On-Impoundment Soils RF-ON-5F Arsenic 12.0 20 !00 

On-Impoundment Soils RF-ON-5F Lead 25.0 140 900 

On-Impoundment Soils RF-ON-50 Arsenic 20.0 20 100 

On-Impoundment Soils RF-ON-50 Lead 333.0 140 900 

On-Impoundment Soils RF-ON-5H Arsenic 9.2 20 !00 

On-Impoundment Soils RF-ON-5H Lead 52.0 140 900 

On-Impoundment Soils RF-ON-60 Arsenic 17.0 20 100 

On-Impoundment Soils RF-ON-60 Lead 135.0 140 900 

Site Tailings RF-TA-TP! Aluminum 2.260.0 600 NA 

Site Tailings RF-TA-TP! Antimony 50.7 NA NA 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmelll 

"" Avernoe- concentration across all depths· duplicntelsplit samples averaoed with tleld sumples ~ ~ 

Soil Invertebrate 
Benchmark (mglkg dw) 

Reach Station ID Parameter Cone* (mg/kg) Low High 

Site Tailings RF-TA-TPI Arsenic 219.0 20 100 
Site Tailings RF-TA-TPI Cadmium 27.3 1.6 20 
Site Tailings RF-TA-TP1 Chromium 8.6 0.4 100 
Site Tailings RF-TA-TPI Copper 522.2 40 150 
Site Tailings RF-TA-TPI Lead 4,328.3 140 900 
Site Tailings RF-TA-TPI Mercury 0.5 0.1 30 
Site Tailings RF-TA-TPI Selenium 4.7 2 100 
Site Tailings RF-TA-TP1 Silver 18.5 50 NA 
Site Tailings RF-TA-TP1 Zinc 5,136.7 100 600 
Site Tailings RF-TA-TP2 Aluminum 3,986.7 600 NA 
Site Tailings RF-TA-TP2 Antimony 174.9 NA NA 
Site Tailings RF-TA-TP2 Arsenic 308.9 20 100 
Site Tailings Rf-TA-TP2 Cadmium 42.6 1.6 20 
Site Tailings RF-TA-TP2 Chromium 30.3 0.4 100 
Site Tailings RF-TA-TP2 Copper 475.1 40 150 
Site Tailings RF-TA-TP2 Lead 5.508.3 140 900 
Site Tailings RF-TA-TP2 Mercury 4.0 0.1 30 
Site Tailings RF-TA-TP2 Selenium 10.7 2 100 
Site Tailings RF-TA-TP2 Silver 40.8 50 NA 
Site Tailings RF-TA-TP2 Zinc 7,190.8 100 600 
Site Tailings RF-TA-TP3 Aluminum 1,987.2 600 NA 
Site Tailings RF-TA-TP3 Antimony 107.7 NA NA 
Site Tailings RF-TA-TP3 Arsenic 224.3 20 100 
Site Tailings RF-TA-TP3 Cadmium 33.8 1.6 20 
Site Tailings RF-TA-TP3 Chromium 18.2 0.4 100 
Site Tailings RF-TA-TP3 Copper 253.5 40 ISO 
Site Tailings RF-TA-TP3 Lead 3.796.7 140 900 
Site Tailings RF-TA-TP3 Mercmy 16.0 0.1 30 
Site Tailings RF-TA-TP3 Selenium I 1.3 2 100 
Site Tailings RF-TA-TP3 Silver 23.8 50 NA 
Site Tailings Rf-TA-TP3 Zinc 5.865.0 100 600 

Site Tailings RF-TSDD-GL50 Aluminum 13.377.8 600 NA 
Site Tailings RF-TSDD-GL50 Antimony 125.5 NA NA 

Site Tailings RF-TSDD-GL50 Arsenic !97.4 20 100 

Site Tailings RF-TSDD-G L50 Cadmium 28.8 1.6 20 
Site Tailings RF-TSDD-GL50 Chromium 22.5 0.4 100 
Site Tailings RF-TSDD-GL50 Copper 311.3 40 150 
Site Tailings RF-TSDD-GL50 Lead 4.059.8 140 900 
Site Tailings RF-TSDD-GL50 Mercury 2.8 0.1 30 
Site Tailings RF-TSDD-GL50 Selenium 4.1 2 100 
Site Tailings RF-TSDD-GLSO Silver I 26.0 50 NA 
Site Tailings RF-TSDD-GL50 Zinc 5.728.8 100 600 
Site Tailings RF-TSDD-GL52 Aluminum 1-1.027.0 600 NA 
Site Tailings RF-TSDD-GL52 Antimony 253.8 NA NA 
Site Tailings RF-TSDD-GL52 Arsenic 321.8 20 100 

Site Tailings RF-TSDD-GL52 Cadmium 51.1 1.6 20 

Site Tailings RF-TSDD-GL52 Chromium 27.5 0.4 100 

Site Tailings RF-TSDD-GL52 Copper 620.0 40 150 

Site Tailings RF-TSDD-GL52 Lead 10.699.5 140 900 

Site Tailings RF-TSDD-GL52 Mercury 5.5 0.1 30 

Site Tailings RF-TSDD-GL52 Selenium 11.3 2 100 

Site Tailings RF-TSDD-GL52 Silver 39.8 50 NA 

Site Tailings RF-TSDD-GL52 Zinc 7.318.5 !00 600 
Site Tailings RF-TSDD-G L53 Aluminum 16.151.5 600 NA 

Site Tailings RF-TSDD-GL53 Antimony 212.8 NA NA 
Site Tailings RF-TSDD-G L53 Arsenic 319.7 20 100 

Site Tailings RF-TSDD-GL53 Cadmium 56.9 1.6 20 

Site Tailings RF-TSDD-GL53 Clrromium 29.5 0.-1 100 

Site Tailings RF-TSDD-GL53 Copper 678.5 40 150 
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Soil Invertebrate Hazard Quotients (HQs) for Direct Contact with Soils and Tailings 

Richardson Flat Tailings Site 
Screening Ecological Risk Assessmellt 

* Avera(Te concentration across all depths· Juplicate/split samples avera<Ted with field samples ~ 0 
.. 

Soilluverte bra te 
Benchmark (mglkg dw) 

Reach Station ID Paramete•· Cone• (mglkg) Low High 

Site Tailings RF-TSDD-GL53 Lead I 0,533.5 140 900 
Site Tailings RF-TSDD-GL53 Mercury 10.6 0.1 30 
Site Tailings RF-TSDD-GL53 Selenium 13.3 2 100 
Site Tailings RF-TSDD-GL53 Silver 61.3 50 NA 
Site Tailings RF-TSDD-GL53 Zinc 9,420.0 100 600 

Site Tailings RF-TSDD-GL56 Aluminum 11,442.5 600 NA 
Site Tailings RF-TSDD-GL56 Antimony 89.2 NA NA 

Site Tailings RF · TSD D-G L56 Arsenic 136.3 20 100 

Site Tailings RF-TSDD-GL56 Cadmium 23.3 1.6 20 

Site Tailings RF-TSDD-GL56 Chromium 21.5 0.4 100 

Site Tailings RF-TSD D-G L56 Copper 247.5 40 !50 

Site Tailings RF-TSDD-GL56 Lead 2.897.5 140 900 

Site Tailings RF-TSDD-GL56 Mercury 1.8 0.1 30 

Site Tailings RF-TSDD-GL56 Selenium 2.5 2 100 
Site Tailings RF-TSDD-GL56 Silver 20.3 50 NA 
Site Tailings RF-TSDD-GL56 Zinc 4,518.5 100 600 
Site Tailings RF-TSDD-GL58 Aluminum 14.787.5 600 NA 
Site Tailings RF-TSDD-GL58 Antimony 58.3 NA NA 

Site Tailings RF-TSDD-GL58 Arsenic 144.0 20 100 

Site Tailings RF-TSDD-GL58 Cadmium 22.7 1.6 20 

Site Tailings RF-TSDD-GL58 Chromium 21.0 0.4 100 

Site Tailings RF-TSDD-GL58 Cc>pper 168.5 40 150 

Site Tailings RF-TSDD-GL58 Lead 2.622.0 140 900 

Site Tailings RF-TSDD-GL58 Mercury 2.6 0.1 30 

Site Tailings RF-TSDD-GL58 Selenium 11.3 2 100 

Site Tailings RF-TSDD-GL58 Silver 15.3 50 NA 

Site Tailings RF-TSDD-GL58 Zinc 3.378.0 100 600 

Site Tailings RF-TSDD-GL59 Aluminum 13.622.0 600 NA 
Site Tailings RF-TSDD-GL59 Antimony 168.3 NA NA 

Site Tailings RF-TSDD-GL59 Arsenic 219.0 20 !00 

Site Tailings RF-TSDD-GL59 Cadmium 24.0 1.6 20 

Site Tailings RF-TSDD-GL59 Chromium 24.0 0.4 100 

Site Tailings RF-TSDD-GL59 Copper 418.5 40 !50 

Site Tailings RF-TSDD-GL59 Lead 3.834.5 140 900 

Site Tailings RF-TSDD-GL59 Mercmy 13.6 0.1 30 

Site Tailings RF-TSDD-GL59 Selenium 6.1 2 100 

Site Tailings RF-TSDD-GL59 Silver 22.8 50 NA 

Site Tailings RF-TSDD-GL59 Zinc 5.462.0 100 600 

Site Tailings RF-TSDD-GL62 Aluminum 17,379.5 600 NA 

Site Tailings RF-TSDD-GL62 Antimony 45.3 NA NA 

I Site Tailings RF-TSDD-GL62 Arsenic 99.6 20 100 

Site Tailings RF-TSDD-GL62 Cadmium 20.1 1.6 20 

Site Tailings RF-TSDD-GL62 Chromium 22.5 0.4 100 

Site Tailings RF-TSDD-GL62 Copper 126.5 40 !50 

Site Tailings RF-TSDD-GL62 Lead 1.572.0 140 900 

Site Tailings RF-TSDD-GL62 Mercury 0.7 0.1 30 

Site Tailings RF-TSDD-GL62 Selenium 5.9 2 !00 

Site Tailings RF-TSDD-GL62 Silver 11.3 50 NA 

Site Tailings RF-TSDD-GL62 Zinc 2.981.0 100 600 
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